OS 


rt 


AL OF METALS 


BRITISH ALUMINIUM 
ALLO FOR ALL PURPOSES 


BZ 
B.A.“ Y” “ Y” alloy is one of the few good things that B.A. 42, This alloy has a very low expansion and S 
came out of the Great War. B.A. “Y” alloy can be heat-treated to give as hard a < 
is a thoroughbred version produced under the best con- piston as has yet been cast. . 
ditions of mixing and melting, which sets a challenging : . 
: B.A. 14, A piston alloy of great merit, its technical . 
B. A, 23, In B.A.23 you have all the advantages con- advance on 2L8 is instanced by the fact 3 
ferred by magnesium silicide; high strength that it gives 60° higher Brinell hardness after simple . 
on heat-treatment, high corrosion resistance and a clear heat-treatment. . 
silver anodic film in an alloy which can be cast. . 
pa B.A. 5,  Heat-treatment has come to stay and No. 5 B.A. 40D This well-known alloy can be recommended y 
; alloy is probably the cheapest and simplest for malleability, resistance to corrosion, “ ‘ 
heat-treatment alloy available. It is widely used where fluidity in intricate moulds and for all castings designed . bi. 
stiffness at elevated temperatures is needed. to withstand hydraulic pressure. : 4 
: B.A. 40J, This is an alloy of the same class as 40D but contains less “ 
. silicon and is used without modification. -It is very fluid 2 
THE and can be recommendeil to the small founder for thin intricate work. . 


Maisie 5861 Head Ofrice: ADELAIDE HOUSE, LONDON, E.C.4. Union. 
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Antifriction Metal. 


from |” dia. 


BRASS RODS, STAMPINGS, 


Telephone : Edgbaston 0380 (seven lines). Telegrams : areata oe Corn Exchange Buildings, 4. 


LONDON : 17, Victoria St., Westminster, S.W.1. 


EXTRUDED RODS AND SECTIONS 
he customers’ specifications and designs in High-speed Screwing 
Brass, Naval Brass, Nickel Silver, Mangenese Bronze, Fo le 
Alloys and high-strength Bronzes. 
ANTI-FRICTION AND NON-FERROUS METAL 
customers’ specifications in Gunmetal, Phosphor-bronze, 
Manganese and Aluminium Bronzes, Brass, Type, White and 


CHILL CAST BARS FOR BUSHES AND BEARINGS 
In Phosphor-bronze and Gunmetal. Solid bars from }” dia. and 


es _ and Bronze to any Design. 


and NON-FERROUS INGOT METAL MANUFACTURERS. 
ROTTON PARK STREET, BIRMINGHAM i6. LEEDS: Prudential Buildings, Park Row. NEWCASTLE-ON-TYNE : 90, Pilgrim Street. 


Lithopone 
: WIDNES, Lancs. 


If Aluminium Alloy 

structural members had been 

used in the old Horse-drawn Trams— 

immense relief to weary steeds would have been ensured and horse life 

cnet immeasurably prolonged. TO-DAY, we are kinder to horse power 
(quadruped) and getting kinder to horse power (mechanical) as efforts 

are made to relieve over burdening on BOTH. To overworked power 


units in every ramification of Transport —alleviation of dead -weight 


is already an accomplished fact with 


RBEYN OLDS 


Tubes, Rods, Sections in Aluminium and Magnesium Alloys. 


REYNOLDS TUBE COMPANY LIMITED, TYSELEY, 


BIRMINGHAM. 
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The development of the use of “ CARBOFRAX ” 
Muffles has eliminated most of the objectionable 
features of muffle type furnaces for vitreous 
enamelling. 

“ CARBOFRAX ” will not only withstand tempera- 
tures well in excess of any encountered in the 
vitreous enamelling trade, but will also transmit 
heat seven to nine times as rapidly as firebrick. 
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We have, for the past ten years, been directly 
engaged in the development of a muffle type Porcelain 
Enamelling Furnace. Through the broad experience 
thus gained, our Refractory Department is especially 
well equipped to design and erect furnaces of that 
type. 

Performance, service, construction and quality of 
materials used are guaranteed. 


Vitreous Enamelling Furnace showing Carbofrax Muffle. 
Built by THE CARBORUNDUM COMPANY LTD. 


THE CARBORUNDUM COMPANY LTD, 
TRAFFORD PARK, MANCHESTER. 
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STEEL MANUFACTURERS» KERS WORKS SHEFFIELD. 
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SPECIFIC GRAVITY 1-82. 


F ORGINGS 
EXTRUSIONS 
STAM PINGS 
CASTANGS EC. 


m 


AVENUE, SLOUGH "PHONE- - SLOUGH 622. + ‘GRAMS: MAGNESIUM, SLOUGH 


OFAG OFENBAU A.G. 
Dusseldorf, Kaiserswertherstrasse 105. 


Industrial Furnaces | 
of allkinds. 


Continuous 
Pack Heating Furnace 
with 
high-speed discharging device. 


+ se, , Continuous furnaces with automatic conveyers for the manufacture of 
Speciality : sheets and all heat-treatment processes 


Sole Agents in England: 
ROBSON REFRACTORIES LIMITED, 47, CONISCLIFFE ROAD, DARLINGTON. 


| 
} 
TGS. 
Cs) | | 
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DERS 


(MORE AND MORE) 


Endorse the highly 
Satisfactory 
Service 


ELECTRIC 


recent 
typical 
installations 


Advt. of The General Electric Co., Ltd. Head Office: Magnet House, Kingway, London, W.C. 2, 


| 
—— 
. 
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Established in all five 


E could say a hundred flowery 

things about STAG MAJOR, 

but the user only wants to 
know one. Has it proved itself in use ? 
To this the answer is yes. It is in regular 
use in all five continents. (Our friends, 
the Americans, who buy tons of it under 
the name ‘Imperial Major’ wouldn’t do so 
unless it more than held its own with 
their home-produced steels.) It has broken 
production records in many works—you 
can have details if you like. it is produced 
by a better process, of which we were 
the world pioneers. Nothing goes into it 
haphazard, every ingredient being pure, 
chosen with care, and thoroughly inspected. 


continents— 
STAG MAJOR 


SUPER HIGH SPEED STEEL 


Some of the results obtained by users 
have been too good for us to publish— for 
the simple reason that they sounded 
incredible even to our ears (though we 
verified them afterwards). 

If you haven’t yet tried Stag Major, none 
of this will convince you. Nevertheless, 
we believe so firmly in Stag Major that 
we will let you try a piece at our risk. 
Send details of the size and section you 
require and the purpose. We will forward 
the steel carriage paid and invoice it in 
the usual way. If it doesn’t give you 
satisfaction, you can return it carriage 
forward and we will cancel the invoice. 
That’s fair, isn’t it ? 


EDGAR ALLEN & Co. Limitep 


Imperial 
Steel Works, 
Sheffield.9. 


Telephone: 41054 


Telegrams : 
Allen, Sheffield 


Write for 
“STAG MAJOR” 
Booklet. 


To 
EDGAR ALLEN 
& Co. Ltd., 
SHEFFIELD. 9. 


Please post your 
“*Stag Major’’ 
booklet to 

Name 


Firm 


Address 


Met. 


MAKING STAG MAJOR 


9 
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Hlustrction show tinuation oF 


ere of ce coming in talla- 
tio o the ore f. Zi Seuth 
Durham Steel and Company, 
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TEMPERATURE 
OVENS AND BY-PRODUCT PLANT 


Already operating at the works of: 
The Cargo Fleet Iron Co. Ltd., Middlesbrough 
Messrs. J. & J. Charlesworth Ltd., Wakefield 
The Mitchell Main Colliery Co. Ltd. 


The South Durham Steel and Iron Co. Ltd. 
(In Course of Erection) 


Also Manufacturers of the Gibbons (Cellan-Jones) Low Temperature 
Coke Ovens and Licensors of the Gibbons-Goldschmidt Benzol Flue 


| 
| 
| 
| 
fre 
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PRELIMINARY OTLCE. 


ULATING PRODUCTS 
EAST PARADE, SHEFFIELD, i. 


Walzmaschinenfabrik August Schmitz, 
G.m.b.H., Disseldorf, Germany 
TWO- AND FOUR-HIGH, CLUSTER AND HIGH-SPEED 


ROLLING MILLS with forged and hardened steel rolls, for cold- 
rolling iron, steel, brass, copper, aluminium, etc. 


AUXILIARY MACHINES OF ALL DESCRIPTIONS, slitting, 
straightening and pickling machines, etc. 
COMPLETE PLANTS FOR ROLLING ALUMINIUM, 
TIN AND LEAD FOIL in long length. 


FORGED AND HARDENED STEEL ROLLS of all 


dimensions. 


chn! 
out rice 
US Serv ul 
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SIEMENS MELTING AND -REDUCTIO —— 
| WORKING SATISFACTORILY AND 
CKERT (GREAT. BRITAIN) LTD 
GREAT ROAD, BRENTFORD,” MIDDL 
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BULK 


BUT NOT WEIGHT 


Casting for Switch Gear 
in * WILMILL’ ALUMIN‘{UM 
SILICCN ALLOY—CAST BY 


WILLIAM 
MILLS LTD 


GROVE STREET, BIRMINGHAM 


Koln- Ehrenfeld (Germany) COLD ROLLING MILLS for heavy duty work 
owe) ony in best modern construction, for all light metals and 
hie, ye alloys — Foil — Copper — Brass — Bronze -— Nickel— 
ili wih Nickel Silver —lron-—Steel, up to largest widths. 
My) Ls HARDENED STEEL ROLLS up to 5 tons weight. 
ALL AUXILIARY MACHINES FOR ROLLING 
MILLS. 


Please write for further particulars to: 


F. W. Kubach, 43a, Milton Street, LONDON E.C. 2. 


| | | 
Rheinische Wal hinenfabrik | | 
iii, 
AAW 
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“The Furnace illustrated is 
a | ton modern type 
Heroult, using Acheson 
Electrodes recently brought 


: into operation in the foundry 

: of Messrs. Joseph Cook Sons 
& Co. (1930) Ltd. Washington, 
through whose courtesy this 
photograph is shown.”’ 


| Stocks of the regular | 
| sizes of both Graphite | 
and Amorphous Carbon 
| Electrodes are held, 


| from which supplies can 
GRAP H ITE | be despatched promptly 


(ACHESON PROCESS.) to Arc Furnace users. 


AMORPHOUS CARBON 


“FOR ALL TYPES OF 
ARC FURNACES 


ELECTRODES 


— TOWN HALL AMBERS 8S7FARGATE. SHEFFIELD.I. 


: 
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SILVER 
SOLDER 


FOR ALL PURPOSES 
SEND FOR SAMPLES 


PURCHASERS OF 


GOLD, SILVER AND OTHER 
PRECIOUS METALS CONTAINED 
IN RESIDUES ano WASTE MATERIAL 


CHARLES HARROLD & CO. LTD. 


ae Dealers, Assayers & Refiners, 2 & 3, St. Paul’s Square, BIRMINGHAM 
Telephone : Central 3102 (3 lines). Telegrams *AURUM, BIRMINGHAM.” 


“Sea Cliff” Brand | | ET HER 
COPPER, BRASS and PYROMETERS 


PHOSPHOR BRONZE 


TUBES, SHEETS, RODS and WIRE 


“ Aldurbra " Aluminium-Brass Condenser Tubes, 


Protected under BN.F Patent No. 308647—1929. 

Manganese Bronze. Yellow Metal. Naval Brass. Gun Metal. 
High Conductivity Copper Bars and Strip. 
Tin, Lead, Zinc and Compo Wire and Strip. 

Chill-Cast Phosphor Bronze Bars. 

Engraving Bronzes, Gilding Metals, and Engraving Brasses. 
Phosphor Copper and Phosphor Tin. 
Non-Ferrous Wires for Metal Spraying. 


AUTOMATIC TEMPERATURE CONTROL 
BIRMINGHAM FOR GAS, OIL AND ELECTRIC FURNACES. 
ESTABLISHED 1776. H R L 
°9 
Tyburn Road, Erdington, Birmingham 


EAST 1121. 


Cc to Admi Wer Office, Air 
Board, 


CHARLES CLIFFORD 4 SON LTD. | THE MOST SIMPLE AND ACCURATE SYSTEM OF 
| 


| 
TURE SNTROLLER 
| 
| 
| 
| 
» 
; 
Trade Mack. 
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Up t0 9G"/. Reduction ANT!- CEMENTITE 


without any intermediate 
anneal. 


has been obtained on this Cold-Rolling Mill 
when working SM quality steels. All kinds of 
ferrous and non-ferrous metals, i.e. Stainless 
Steels, may be handled as well on this mill 
which produces perfectly accurate strips. 


The resulting output per hour far surpasses 
the customary figure. 


Additional advantages : 


Extremely short time for adjustment 
and high accuracy of gauge obtained. 


The machine is made for strips up to 1270 mm. 
wide and for final thicknesses down to 0.1 mm. 


We Solicit your enquiries. 


MASCHINENBAU A.-G. Formerly 


Sehmer 


SAARBRUCKEN | 


CONTROLS YOUR CASE-HARDENING 


NOTE THE PART NOT TREATED IN THE ABOVE PHOTOGRAPH. 


KASENIT 


CARBURISING AND 
ANTI-CARBURISING 


COMPOUNDS 


Are you willing to try a new method of doing an old job ? 
Then try “ Anti-Cementite ’’ in paste or powder form 
for local case-hardening. Copper plating, claying up, or 
machining off, after carburising those parts required soft, 
are all old methods, each having disadvantages. 

* Anti-Cementite "’ will combine the good points of the 
oid methods, with none of their bad ones. 

The limits of the Kasenit carburised sector are clearly 
shown in the steel bar. You will note that the rest of the 
circle is evenly clear of * case.”’ 


Sample on request to prove results. 


SOLE MANUFACTURERS— 


LTD. 


7 Holyrood Street, LONDON, S.E.I. 


| 
| 
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Four of a group of ten Gibbons’ town’s gas-fired carburizing furnaces, 
fitted with Electroflo automatic control, at the works of Messrs. 
Wolseley Motors (1927) Ltd. 


Reliable results sought in heat-treating practice depend upon the 
proper combination of the man, the furnace, and the material. 
Good material is entitled to proper treatment in good furnaces, 
and both should have the services of good men. 


No two cases are alike, and no type of furnace has a monopoly 
on uniformity of heating or economy in operation; for this reason 
we, as specialists, design heat-treatment furnaces to suit your 
particular conditions and products; in this way reliable results 
can be assured, with the utmost economy. 


= 
; 
BROS 
DUDLEY VWQORCS, 


May, 1937. METALLURGIA 


ASSOCIATED BRITISH MACHINE TOOL MAKERS | 


17 Grosvenor Gardens, LIMITED. — London, S.W.1 


The A BM T M group of machine tool makers 
covers the whole field of machine-tool building, 
giving the engineer at home and abroad a 
unique manufacturing and sales service. 

Apart from the main specialities of the Asso- 
ciated firms, customers have the advantages of 
the pooled research, the accumulated experience 
and the entire technical resources of the whole 
group. 

The abundant advantages thus provided by 
group co-operation will be obvious. The 
after-sales service is of a kind beyond the scope : 


of the single manufacturer. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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FOR LIGHT 
CASTINGS 


give a cleaner product with a close and 
even structure. Rejects are reduced and 
the metal is remarkably free from sur- 
face defects. These points are important, 
especially for the enamelling trade. 
I.C.I. Sodium Carbonate blocks in the 
cupola also give a more fluid slag, 
cleaner walls and lower costs of upkeep 


and repair. 


IMPERIAL CHEMICAL INDUSTRIES LTD., DEPT. A.10, IMPERIAL CHEMICAL HOUSE, LONDON. S.W.1 


Sales Offices at Belfast, Birmingham, Bradford, Bristol, Dublin, Glasgow, Hull, Leicester, Liverpool, London, Manchester, Newcastle-on-Tyne, Peterborough 
and Shrewsbury. 


C.N.557 


Forge, Drop Stamp and Continuous Billet Heating ; 
for for Shipyard and Boiler-plate Reheating ..... for all 
Heat-treatment, including Annealing and Normalizing 


We are experts in the design and installation of Melting Furnaces for Steel, 


Iron and Non-Ferrous Metals. é 
It will be in your interest to consult us for your requirements for Drying Stoves, 


and for Industrial Heating of all kinds. 


PRIEST FURNACES LITD., 


ALBERT ROAD : MIDDLESBROUGH 
"Phone: Middlesbrough 3981. ‘Grams: ‘Priest, Middlesbrough 


MACARBONATE BLOCKS 
| 
42 | 
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Enamelling the 


Continuous production methods assisted by gas-fired ovens 


HE Raleigh Cycle Company turns out 500,000 

cycles a year. That output offers full 
scope for modern continuous production methods, 
and the Raleigh Company take full advantage 
of it. 
One of the most important operations in the 
production of a cycle is that of enamelling. For 
this operation the Raleigh Company use seven 
gas-fired conveyor ovens, The use of town gas 
for enamelling ovens is spreading as it has many 
very important advantages. 

The first advantage is its reliability. The gas 
supply never fails. It is always there in almost 
limitless quantities at a fixed price. The second 
advantage is that with a clean fuel like town 
gas a direct-fired air heater can be used in most 
cases where an indirect type would have to be used 
otherwise. Not only does this save fuel, but it simpli- 
fies and cheapens the maintenance of the oven, for air 
heater elements are made of expensive materia! and 
have to be replaced regularly. 


No fuel can be so easily and accurately controlled as 
town gas. Oven temperatures can be accurately controlled 
with the simplest thermostats. The required oven con- 
ditions can be more readily obtained with town gas than 
with any other fuel. Another advantage is the saving in 
space and labour, for gas requires no storage or handling 
and calls for less cleaning work and supervision. 


The Raleigh oven described 

Cycle frames at the Raleigh works are enamelled in 
black and also various colours. These two groups are 
dealt with quite separately. 

The standard black finished models are stoved in con- 


veyor ovens measuring 56 ft. long by 9 ft. 6in. wide by 
5 ft. 6 in. high inside. One of these ovens is illustrated here. 


Gas-fired conveyor enamelling oven for black cycle parts. 
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Raleigh Cycle 


Gas-fired conveyor enamelling oven for coloured finishes. 


At the inlet end of each oven is a tiled dipping room. 


The parts undergo a three coat process and, as the average 


capacity of the plant is 10,000 complete cycles per week, 
some idea can be obtained of the immense number of 
parts treated. 

Each oven is heated by an automatically controlled 
direct gas-fired air heater and is provided with a re- 
circulating system. 

Ingoing air and products of combustion are maintained 
at 500° F., providing a constant temperature of 460° F, in 
the oven. The chain conveyor passing through the oven 
is driven through a variable-speed gear by a 1 h.p. motor, 
giving conveyor speeds of 34 ft. to 44 ft. per min. 

Colour finishes are dealt with in an oven measuring 
25 ft. by 12 ft. by 9 ft., also illustrated here. In this oven 
the entry and exit of the conveyor chain are both at the 
same end, the chain making four passes up and down the 
oven chamber during one hour—the time of stoving. 


Small parts are dealt with in a similar oven. These 
number up to 650,000 a week. 


The question of cost 


Estimating the comparative costs of fuels is no 
easy matter. It is entirely misleading to consider the 
fuel costs alone as the fuel influences so many other 
costs, all of which vary with circumstances. Taking 
allin all, however, it isnow being widely realised that 
the use of town gas is an economy. Its saving in 
labour, space and furnace maintenance more than com- 
pensates for any extra cost of the fuel there might be. 

All needing expert advice on gas equipment should 
write to The British Commercial Gas Association, 
Gas Industry House, 1, Grosvenor Place, London, 
S.W. 1, who will put the inquirer in touch with the 
body best equipped to assist him. 
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METAL ROLLING MILIS 


Hot Breaking-down two-high or three-high Mill 
rolling sheets and strips of aluminium and BR 
alloys, brass, copper, nickel, etc. 


For further particulars apply to: - 


E.HAFELS LONDON S.W.1, 


19, Victoria Street i Tel.: Victoria 2612 


DEMAG AKTIENGESELLSCHAFT DUISBURG 


t our pavilion at the Great National Exhibition which is being held in Diisseldorf from May to October 1937 


~ 4% 
of coppe® Silicon 
| Everdur » offers chese 
serens™® equal t° chat of steel @ Makes ynusuallY sound castings 
Remarkable corrosion" resistance e excellent enachinin’ qualities . 
@ fatigue @ Easily worked ot oF cold 
j welds readily by ail ysual methods comparatively inexpensive 
Our pooklet™ everduts in gadition co givin’ gureher details of thes® Enquiries should be to:— 
and physica! is available as imperial Chemica! \nauseries Limited 
subsidior company of imperial Chemica! industries Limited- Sales offices a pradtoré: Bristol Dublin. 
Z Glasto” Hull, Liverpool Londo™ Manchester" 
‘ made by \. Cc. \. MET ALS LTD. Swanse® 
wif 
% 
— 
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High Pressure 
Iinspirator 
manifolded to 
Three Tunnel 
SR Type Burner or reverberatory furnace. 
Two-Stage High Pressure Velocity Lew Pressure Inspirater manifolded to 
c 


Cu. Ft. 
30,000 Cu. Ft. of gas per hour? 


if makes no difference what hourly capacity, there 
is an SC Automatic Proportioning Gas Burner 


for your job. BRITISH 


Because no one type of burner can handle all 


applications, SC Burners are built in 46 different " 
types and more than 400 different sizes. You are FURNACES * 
thereby -assured of the correct type and size for your 
particular application. LTD. 
Furthermore, in any SC Burner installation 
you get correct proportioning of air and gas— Industrial Furnace Engineers 
automatically maintained with one valve control. 
You get the advice of our engineers based on CHESTERFIELD 


many years of experience in gas burning equip- 

ment. Consult them on your burner applica- 

tlons—in any size, or any type. 

Al k CONTINUOUS LIQUID HEATING FURNACES ... HARDENING, DRAWING, NORMAL- 
so makers of... 1zING AND ANNEALING FURNACES ... DIFFUSION COMBUSTION FORGE FURNACES 


ATMOSPHERE CONTROL FURNACES FOR HIGH-SPEED AND ALLOY STEELS (Sheffield 
Gas Co.’s Patents) ... RIVET HEATER ... METAL MELTING FURNACES. 


j 
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Horizontal Forging Machines 


FRAME. Massive steel casting reinforced with steel (tie bars to 
provide rigidity against longitudinal and transverse 


STRESSES. 


HEADER SLIDE. Powerful operation through long adjustable 
guides ensuring ACCURACY. 


SIDE DIE. Drive of special design, independent of header slide 
by safety lever mechanism direct from crankshaft 
through powerful slides and double toggle ACTION. 


CONTROL. Pneumatically operated multiple disc clutch by 
pedal, providing safety feature with ease and speed 


in CONTROL. 
LUBRICATION. Automatic on CENTRALISED system. 


REQUEST literature covering a wide range of EUMUCO 
FORGING PLANT. 


@PHONE 
PR Ospect 


| 22-9] 
BEVERLEY WORKS Willow Avenue BARNES LONDON S.W.13 
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Mc cctnatiiis 34,170 Ibs. of aluminium were used in this huge 
bucket. The aluminium casting forming the bottom pad on 
the back of the bucket weighs over 3,400 Ibs. Built by the 
Marion Steam Shovel Company, this gigantic shovel with its 32 
cubic yard bucket takes 50 tons at each ‘bite,’ enough to fill a 
fair-sized room at one scoop. The boom is over 100 feet long. 
Full particulars available upon request. 

Shovel buckets have to undergo the most abrasive kind of 
handling, and the very nature of their service subjects the whole 
bucket structure to severe impactive blows. Enterprising manu- 
facturers are now using increased quantities of aluminium for 


HIGH PURITY 


TEMPE BAR (7 ne LONDON, 


BUCKET TAKES 
TON BITE 


on worlds largest 


steam shovel 


their buckets, thereby effecting a marked saving in weight over 
the ordinary all-steel construction. This saving permits the 
carrying of greater payloads with little or no increase in the duty 
of the mechanical parts or of the electrical equipment. 

As in the bucket, aluminium can bring to other equip- 
ment a combination of characteristics unmatched by 
any other metal. Consider the possibilities of using 
more aluminium in your business, and then let us help 
you by the selection of a suitable aluminium alloy. 
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The British Journal of Metals 
(INCORPORATING THE METALLURGICAL ENGINEER.) : 
* The source of all matter extracted from this Journal * 
must be duly acknowledged; it is copyright. 
Contributions suitable for the editorial pages are invited. Photographs 
and drawings suitable for reproduction are welcome. Contributions 
are paid for at the usual rates. 
PRINCIPAL CONTENTS IN THIS ISSUE: 
Page Page 
Developing Special Steels .. a | The Heterogeneity of Steel Ingots .. 21-22 
The essential work of the Brows n- “Firth The Seventh Report of a Joint Committee 
Research Laboratories lies in the consider- | of the Iron and Steel Institute and the 
ation of scientific and technical problems British Iron and Steel Industrial Research aes 
arising in the operation and development | Council. 
of the processes and improvement, modi- 
fication or utilisation of the products in Steel Pickle Brittleness. By Richard 
which the associated companies are inter- Saxton oe ne 23-24 .- 
ested. A considerable proportion of the Many qualities of carbon steel are suscepti- 
resources of these laboratories are devoted } ble to attack by new pickling solutions 
to assisting in the application of the various which penetrate the pores of the metal and 
steels amongst the consuming industries. impart a condition of severe pickle brittle- 
‘ A = ness. Some of the difficulties are discussed. 
The Influence of Alloying Elements on 
of ane investigations are — on Free- cutting Light Alloys 95-27 
the effect of alloying elements on the pro- A Sumposium on the subject of jree- cutting 
perties of steel. In one the effect of titanium light alloys was recently held under the 
second with effect of phosphorus Aachen. end thie ie baced on the 
on steels for use at high temperatures. pavers and discussions presented. . 
The Discovery of Radium in Canada .. 6 Sulphur Recovery Processes .. .. .. 28 ‘ 
Imperial and International Prosperity . . 7 
Heat-resisting Materials .. .. .. .. 28 
The Opening of the Diisseldorf Exhibition 8 & ue 
Aluminium in the Nitric-acid Industry 8 Welds in Work of 
Nickel and Zine Electroplate Finishes for Special Character.  Heat-treatment and 
Iron and Steel By 
EERE ...e. ieee | Visit to Thos. Firth and John Brown, Ltd. 31 
In this article evidence is given “that a pre- Orientation in Rolled Copper eae ee 31 % 
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PERFECT SHAPE AND 
UNIFORM SIZE ENSURE 
PERFECT JOINTS 


OF special merit in Stein Refractories 

is the standardisation of each brick, 

=S which ensures perfect bonding and the 
elimination of any chance fracture or 
lozs of efficiency through faulty joints. 


Stein refractory products show mini- 
mum expansion and contraction effects 
due to soaking at furnace temperatures, 


* and this is particularly important for 
Seger Cone 35=1770°C. the stability and durability of the 


brickwork. 


JOHN G.STEIN ¢ 


SABEN Super High Speed Steel 
MILLING CUTTERS, REAMERS & DRILLS 


EMBODY BOTH THESE ESSENTIALS ALLIED 
TO PERFECT HARDENING. 


Send for our New Sectional Catalogue Gi 
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The essential work of these Laboratories lies 
in the consideration of scientific and tech- 
nical problems arising in the operation 
and development of the processes and 
improvement, modification or utilisation of 
the products in which the associated com- 
panies are interested. A_ considerable 
proportion of the resources of these labora- 
tories are devoted to assisting in the 
application of the various steels amongst 
the consuming industries. 


Firth and John Brown Ltd., arranged in connection 

with the London Congress of the International 
Association for Testing Materials, when about 150 members 
participated, a desire to visit the laboratories was expressed 
by several of the visitors. So many interesting features 
are associated with these works, that it would be difficult 
to meet individual wishes in the short time at the disposal 
of as many visitors, but, through the courtesy of Dr. 
W. H. Hatfield, Director of the Brown-Firth Research 
Laboratories, we are permitted to give a brief outline 
of the work and cquipment of these laboratories. 

Situated practically in the centre of the many works of 
the special steel industry of Sheffield, the Brown-Firth 
Research Laboratories are conveniently placed for intimate 
contact between the research organisation and the plants 
with which it is its function to collaborate. The laboratories 
are naturally very close to the immediate industrial 
needs, but on the one hand fundamental scientific work is 
by no means neglected, and, on the other, support is 
accorded to the elucidation of any major scientific problems 
in which the steel industry as a whole is collaborating. 

Despite the advances which have been made over the 
last decades, much work remains to be donc in determining 
how best various engineering and other metallurgical 
problems can be solved, either by the present or by im- 
proved types of steel. Railway, shipbuilding, turbine, 
automobile, aero, textile, chemical, hydraulic and general 
engineering work all present problems calling for scientific 
treatment. Such matters as the technology of rust-, acid-, 
and heat-resisting steels, high-tensile steels, tool steels, 
spring steels, file steels, non-magnetic steels, magnet steels, 
steels of high coefficient of expansion, case-hardening 
steels, nitriding steels and special steels generally, demand 
scientific and technical consideration. Whilst primarily 
designed for the influence which they might bring to bear 
upon the processes and products of the associated com- 
panies, the laboratories are unhestitatingly placed at the 
disposal of manufacturing concerns which are utilizing 
the company’s steels, for the purpose of assisting in the 
solution of consumers’ own problems. The latter section 


D URING a recent visit to the works of Messrs. Thomas 


Developing Special Steels 


The Brown-Firth Research Laboratories 


The main buildings of the Laboratories. 


of the work is extremely valuable, since it often assists the 
laboratories in determining the special direction which 
some of their investigations shall take. 

The results of extensive investigations carried out in 
these laboratories have frequently been published, and are 
familiar to the engineering world. The laboratories may 
justly claim a share in the metallurgical developments of 
the last few decades. The first development of note 
followed from the discovery, in 1913, of the stainless cutlery 
steel containing approximately 0.30 % carbon and 13% 
chromium. It was immediately realised that there would 
be presented an enormous field of possible application for 
a stainless steel possessing a still wider range of resistance 
to corrosion, in conjunction with certain mechanical 
properties. The higher chromium steels were investigated, 
and nickel, in various percentages, was added. Thus was 
developed the ‘‘ Staybrite ’’ type of steel containing 18% 
of chromium and 8% of nickel. In response to a demand 
for a material for deep press work, the research laboratories 
were responsible for the introduction of a modification of 
Staybrite steel, namely, Staybrite D.D.Q., contain- 
ing about 12° chromium and 12% nickel. The use of this 
steel, owing to its extreme ductility and malleability, has 
developed very rapidly. Subsequently, a number of 
further modifications have been developed to meet various 
special requirements. With the production of these special 
steels arose the necessity for the development of suitable 
processes for their manipulation by fabricators. This 
aspect was dealt with exhaustively by these laboratories 
and, as a result, a correct technique was developed for 
welding, hard and soft soldering, pickling, machining, 
pressing, spinning, and other manipulative processes. It 
was also during the course of these researches that the well- 
known copper-sulphate sulphuric acid solution was de- 
veloped, which is now universaly accepted as a standard 
testing solution for determining that such steels have the 
desirable properties. 

The laboratories have also played an important part in 
the development of the nitriding process of surface harden- 
ing steel and in its application to the many types of steel 
which can now be hardened in this way. In the world of 
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carbon steels and medium alloy steels, much attention has 

been paid to special products such as boiler drums for 
high temperatures and pressures, and to special steels for 
other associated equipment, such, for example, as bolts 
required to operate at steam temperatures. The treatment 
of tool steels and the development of high-speed steels are 
two other subjects upon which a considerable amount of 
work has been done. The demand for a steel having a 
high coefficient of thermal expansion comparable with that 
of aluminium has been met by the production of a special 
nickel-manganese-chromium steel, which was immediately 
covered by Air Ministry specification. This steel also finds 
valuable application as a high yield-point non-magnetic 
material for electrical work. The researches on the 
subject of heat-resistant steels, possessing both resistance 
to scale formation and strength at elevated temperatures, 
are also well known. 

A research organisation must be very extensively equip- 
ped if it is to deal effectively with steels—particularly 
modified or new ones—in order to supply data for the 
complete examination of an alloy, which involves chemical 
analyses, metallographic examination, physical properties, 
mechanical properties at normal and elevated temperatures, 
mechanical properties at sub-normal temperatures, re- 
sistance to corrosion and chemical attack, resistance to 
scaling, response to heat-treatment, and additional data 
associated with the fabrication of the material. The 
organisation discussed in this article has steadily developed 
over the last thirty years, and has continually increased 
its resources for the adequate handling of problems in 
the industry. In the following notes reference is made 
to some of the laboratories in this organisation. 


Steel-making Laboratory 


In studying the potentialities of new compositions in 
steel, it is of great advantage to be able quickly to produce 
small quantities of the compositions to be studied, although 
it must always be recognised that the final test of the 
properties of any particular type of steel must be carried 
out on such material as would be obtained on a production 
basis : that is to say produced in a medium or large-sized 
furnace as distinct from a small experimental unit. At 
the same time, much valuable pioneering work has been 
and is being done with material produced from small- 
scale equipment. 

For many years the chief unit of the experimental plant 
attached to the laboratories has been an electric arc 
melting furnace of the tilting type, and the hearth 
employed can be adapted to the type of steel being pro- 
duced. More precise control, both of temperature and of 
the physico-chemical reactions in the bath, is obtained in a 
special high-frequency induction furnace of 100 Ib. capacity. 
This furnace enables steel to be melted under conditions 
approximating to commercial production. In addition, 
an electric resistance furnace of small capacity, fitted with 
auxiliary equipment for vacuum melting, has also been 
employed. 

The heat-treatment laboratory is fitted with furnaces 
suitable for subjecting small objects and test-pieces of 
various kinds to experimental treatments. The equipment 
includes gas and electric muffles, furnaces, salt and oil 
tempering baths, each fitted with the necessary pyrometric 
equipment ; and oil and water quenching tanks. 

The work of the pyrometric laboratory consists in part 
of the calibration and maintenance of the pyrometric 
equipment used throughout the works of the associated 
companies. Thermo-couples—mainly of the platinum/ 
platinum-rhodium type, but also including base metal 
couples—are made up in the laboratory, calibrated, and 
kept in order by frequent checking and recalibration. All 
the indicators and recorders used throughout the works 
are also under the control of this department, and are 
repeatedly examined and recalibrated. 

Optical and radiation pyrometers are used for tempera- 
tures exceeding 1,000° C. The maintenance of a complete 
set of disappearing filament instruments for routine deter. 
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mination of temperatures of molten steel in the works, 
as well as the periodic calibration of the polarising type 
pyrometers used in the many forge departments, are further 
duties of the pyrometric department. Other activities 
include the determination of heating and cooling curves, 
the construction of electrical furnaces for use in the various 
laboratories, actual observations of liquid steel temperatures 
during the tapping and casting of heats in the works and 
forging temperature observations. 


Mechanical Testing Laboratory 


This laboratory is fully equipped with testing machnes 
designed to ascertain the mechanical properties of steels. 
These machines include Avery and Olsen universal tensile 
machines, Avery torsion, Wohler fatigue, Izod impact, 
Charpy impact, Brinel hardness testing, Erichsen sheet 
testing, Stanton repeated impact testing, Sankey bend, 
Saniter wear-testing and other machines. For the purpose 
of obtaining the stress-strain diagrams of tensile test 
specimens, various forms of standard extensometer are 
available, and others have been designed and constructed 
in the department itself. The laboratory has also designed 
and constructed a lateral extens meter so that determina- 
tions of Poisson’s Ratio can be directly made. 

Apart from carrying out tests at ordinary temperature, 
the laboratory is equipped for carrying out tests at both 
elevated and sub-normal temperatures, and a wealth of 
data in these regions has been accumulated over a long 
period of years. 

The laboratory for testing steels at elevated temperatures 
is situated in the basement of the building. The apparatus 
consists of a battery of machines for general purposes, the 
load being applied to the specimens under test by means 
of 20: 1 levers supported on hardened knife sdges. Each 
machine is provided with a suitable electric. resistance 
furnace, the temperature of which is controlled by means 
of iron wire filament resistance lamps. Changes in length 
of the specimens subjected to stress and temperature arc 
determined by an external type of extensometer measuring 
to a limit of accuracy of one forty-thousandth of an inch. 
Temperature is constant to about 1°C., and is carefully 
adjusted to the initial temperature for each reading taken. 
The creep test which has been devised and adopted as 
standard by the Brown-Firth Laboratories is one lasting 
three days. 

Special units of a more sensitive type have also been 
installed. These machines are capable of measuring rates 
of creep approaching one hundred-millionth of an inch 
per inch per hour. They are strongly constructed, and are 
embedded in a solid concrete base, load being applied by 
20:1 levers. The furnaces are 24 in. in overall length, 
thus making provision for a specimen type, and are construct- 
ed in three sections, each controlled by its own rheostat. 

Changes in length of the specimen are measured by means 
of a very sensitive and modified form of Lamb’s roller type 
of extensometer. A scale, curved to the requisite radius, 
is situated at a distance of 21 ft. from the mirrors, and is 
viewed by reflection through two mirrors mounted on 
rollers, through a telescope fitted with cross wires. De- 
terminations of extension can be made of the order of 
one-third of a millionth of an inch per inch of gauge length. 

The temperature of the test-piece obviously must be 
maintained constant within narrow limits. For this reason 
a sensitive thermostatic control was devised. This is 
essentially a Wheatsone Bridge arrangement where the 
variable arm consists of a 0-1 millimeter diameter platinum 
wire, of 200 ohms resistance, situated between the test- 
piece and the heating units, and constituting the thermostat. 
Any change in resistance of this wire due to temperature 
operates an Electroflo temperature controller having a 
centre zero, the relay of the controller being actuated by a 
chopper bar worked from a continuously-running A.C. 
motor. The position of the needle of the indicator at the 
moment of action determines the switching in or out of a 
balancing resistance. 
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Top—Battery of Creep” machines. 
Bottom——Experimental high-frequency melting furnace. 


Metallographical Laboratory 


Two laboratories are devoted to the study of crystal 
structure. One is equipped for macro-examination of the 
coarser structural features, such as the crystallization in 
ingots and castings, segregation in forgings, and the 
direction of the lines of “* flow ’’ in forgings and stampings. 
Permanent records of flow-structure are made from the 
deeply-etched surface by a direct printing process or by 
photographic methods, whilst distribution of sulphides is 
determined by the well-known method of sulphur printing 
which is applied to complete as well as sectioned forgings, 
biliets and other large masses of steel. An accompanying 
illustration shows the sulphur print obtained by sectioning 
a large turbine rotor shaft, and reveals the layout of the 
structure when a 60-ton ingot is forged into this form. 
Such work as this is of inestimable value to designers of 
large-scale highly-stressed steel plant and machinery, and 
forms an essential link between the design and forging 
departments. 

Micro-examination begins where macro-examination ends 
and is carried out in a different laboratory. This laboratory 
is fitted with the numerous processes now employed for 
investigating the structure of metals. The Leitz polishing 
apparatus is used for the preparation of most of the 
sections for examination under the microscope, though 
hand polishing is still retained where the greatest possible 
delicacy of touch is required. Visual examinations are 
carried out with microscopes optically equipped by 
Winkel-Zeiss. All important structures are permanently 
recorded by means of a Vickers projection microscope, 
which gives direct magnifications from three to 6,000 
diameters, and two darkrooms are provided for carrying 
out the photographic work. 


Top—Special high-sensitivity apparatus for measuring the “ creep” 


of steels at elevated temperatures. 


Bottom—Sulphur print of a section of a large turbine rotor shaft. 


Physical Laboratory 


A knowledge of the physical properties of metals is of 
paramount importance in the design of structural parts, 
and the physical laboratory is equipped for carrying out 
determinations of the various physical constants at normal, 
sub-normal and elevated temperatures. Determinations 
of specific gravity, specific heat, thermal expansion, thermal 
conductivity, electrical resistivity, and magnetic pro- 
perties, are carried out on the various products of the 
associated companies and on new experimental com- 
positions. Moreover, in special cases (e.g., for magnetic 
properties) routine tests are made to check the quality of 
the work’s products. 

Included in the work of the physical laboratory is the 
tensile testing of fine wires and special hardness testing. 
In the latter connection the necessity for a means of testing 
the hardness of thin materials and thin skins of surface- 
hardened articles has long been recognised, and special 
study has been made of this intricate subject. Other 
activities of the physical laboratory are the testing of oils ; 
experiments on steels exposed to various atmospheres 
at elevated temperatures ; work on the fatigue testing of 
material in strip form ; on friction and seizing, and on other 
problems on which data are required for the purpose of 
determining the best material to use for a particular 
purpose or of improving the performance of the products 
of the associated companies. 


Corrosion Laboratories 


Since the original development of stainless steel, the 
subject of corrosion resistance and testing has grown more 
and more important until, at the present time, the files 
of the department contain the results of many thousands 
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Vacuum hot-extraction apparatus for measur- 


ing total ** gases *’ in steel, 

of tests, whilst hundreds of new results are added every 
year. These tests relate not only to the extended use of 
existing steels, but also to the design and critical testing 
of possible new materials. Apart from the work in con- 
nection with the special corrosion-resisting steels in the 
stainless and “ Staybrite” type, data are often required 
on the lower alloys, and even on plain carbon steels. For 
this work spray tests and atmospheric exposure tests are 
of considerable importance. The latter are carried out 
chiefly on the roof of the laboratory which provides an 
example of very corrosive industrial atmosphere. In these 
laboratories much work on inter-crystalline corrosion has 
been carried out, and the well-known copper-sulphate- 
sulphuric acid solution, now used all over the world as a 
standard solution for testing for inter-crystalline corrosion, 
was developed here during the early work in this field. 

The descaling of the special corrosion-resisting steels, 
to remove the oxide formed during rolling and _ heat- 
treatment, is an essential process in the production of 
such materials, and presents a number of problems. The 
design and testing of processes for the satisfactory de- 
scaling of the various types of steel is another of the 
problems which is dealt with by the Corrosion Department 
and it will be appreciated that this involves not only the 
testing of the efficiency of the process from the standpoint 
of scale removal, but also a critical study of the corrosion 
resistance of the product after descaling. 

High-temperature scaling is actually a branch of cor- 
rosion, but the mechanism is quite distinct from that of 
ordinary liquid corrosion, whilst the methods of testing 
are also specialised. It is, therefore, conveniently con- 
sidered separately from the general body of corrosion 
testing. 

The apparatus employed includes electrically-heated 
furnaces for heating the specimens, flow meters and 
auxiliary apparatus for the production and measurement 
of any desired mixture of gases. The most usual mixture 
employed is obtained simply by burning coal gas with 
50°, excess air. The resulting mixture is then passed over 
the steel specimens at any desired temperature up to 
1,300° C. 

By carrying out several tests it is possible to obtain 
much interesting information as to the relative behaviour 
of the standard heat-resisting steels, and to assess the 
value of new experimental materials. From experience in 
works practice, it is also possible to relate such tests to 
actual works conditions, and to deduce a reasonably 
accurate estimate of the probable life of different materials 
under certain specified conditions. 
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A portion of the physical laboratory. 


Chemical Analysis Laboratory 


In all departments it is essential to know the precise 
chemical composition of the materials which are being 
investigated. To devise a satisfactory means for getting an 
element into steel is often a most difficult problem, but it is 
equally a matter requiring very considerable thought and 
investigation to devise methods for the complete and 
quantitative separation of such elements, once they have 
been satisfactorily alloyed. In the development of a new 
steel it is often only after weeks or even months of work 
that entirely satisfactory methods of analysis are arrived 
at, especially when speed of method as well as accuracy 
has to be achieved. 

The analytical problems dealt with are by no means 
confined to steels, but include refractory materials, in- 
dustrial waters, examples of corrosion products, as well 
as various solutions and substances with which steels 
come into contact in service, the latter being analysed in 
order that the most suitable corrosion-resisting steel for 
contact with such media may be selected. 

During recent years it has become increasingly evident 
that there are other factors besides composition (as regards 
ordinary alloy elements), and heat-treatment, which control 
the quality of special alloy steels. The source of supply of 
raw materials, the nature of the melting process, and above 
all, the method of deoxidation in the furnace all have a 
profound influence upon the small amount of residual 
oxygen and nitrogen in the steel. 


Part of the X-ray laboratory. 
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Accordingly, two special laboratories 
are equipped solely for the purpose of 
studying inclusions. A vacuum hot 
extraction apparatus incorporating a 
number of special and novel features is 
employed for determining the total 
content of the steel. The iodine 
solution method is being used to study 
the actual form of combination of 
oxygen, and an apparatus has also been 
constructed to study the working of 
the recently-developed chlorine method 
for the isolation and examination of 
these non-metallic inclusions. 

The development of the nitriding 
process of hardening steel in ammonia 
gas has demonstrated the importance of 
nitrogen in steel. Nitrogen determina- 
tions, therefore, form another of the 
important activities of this department. 
In this way, the ordinary facilities for 
analytical work are augmented by equipment for the 
accurate quantitative determination of these elements and 
substances, present in all steel, which do not appear in the 
specification, but, nevertheless, exert a profound influence 
upon its properties. 

Refractories Laboratories 


The Refractories Department contains the most modern 
apparatus for physical, chemical and petrological testing 
and research. Special self-recording apparatus for such 
tests as those of thermal expansion and refractoriness under 
load has been devised, and high-temperature furnaces have 
been installed which are capable of testing the resistance 
of refractories up to temperatures considerably in excess 
of those which they will actually be called upon to with- 
stand in service. 

An X-ray department also forms part of the equipment 
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Part of the chemical analysis laboratory. 


of the laboratories. X-ray apparatus is used for the 
crystallographic examination of materials, the apparatus 
being provided with a flat-film camera for texture photo- 
graphy by either transmission or back-reflection methods 
and with a cylindrical camera for crystal analysis according 
to the powder method of Debye and Scherrer, or by the 
Seemann-Bohlin back-reflection technique. Work within 
the scope of this apparatus includes examination of the 
condition of the grain structure of different steels, as well as 
investigations into the constitution of different alloy 
systems, whereby their equilibrium diagrams may be 
derived from changes in lattice dimension and the ap- 
pearance of new phases. The utility of X-ray methods is 
not, however, confined to metallic materials, and applica- 
tions can be made of this method for examining the 
structure of refractory materials and slags. 


The Influence of Alloying Elements on Steel 


Results of two investigations are given on the effect of alloying elements on the properties 

of steel, particularly on their properties at elevated temperatures. In one the effect of 

titanium on a chromium steel is discussed, while the second deals with the effect of 
phosphorus on steels for use at high temperatures. 


in the United States deal with the effect of alloying 
elements on the properties of steel and particularly 
on their properties at elevated temperatures. G. F. Com- 
stock and C. L. Clark' at the University of Michigan, 


"T's recent investigations which have been carried out 


investigated the effect of titanium on some properties of 


17-5% chromium steel, and H. C. Cross and D. E. Krause?, 
at the Batelle Memorial Institute, Columbus, Ohio, experi- 


mented with the effect of phosphorus as an alloying 


element in steels for use at elevated temperature. 


Effect of Titanium in Chromium Steels 
In the first-mentioned investigation, four steels contain- 
ing approximately 17-5°%, of chromium and 0-2 to 0°3% 
of carbon, and varying amounts of titanium were prepared 
in a high-frequency induction furnace, and after casting 
at 1,620° C. were forged into j-in. round bars. The com- 
position of the steels was as follows :— 


Steel. Cc. Cr. Mn. Si. Ti. 
A .. O33 .. 17°36 .. O87 .. O38 — 
.. .. .. .. OF 


Brinell hardness tests made on these steels as forged, 
had after annealing for two hours at temperatures varying 
from 790° to 945° C. followed by slow cooling in the furnace, 
showed steels C and D. containing over 1-0°%, titanium to 


1 Metals and Alloys, 1937. Vol. 8, pp. 42-46. 
2 Metals and Alloys, 1937, Vol. 8, pp. 53-58. 


have a hardness of 137 after forging, and that this hardness 
remained unchanged after annealing. The other two steels 
had forging hardnesses of over 400, and an annealing 
temperature of 850° C. was necessary to soften them to 
200 Brinell. Short-time tensile tests carried out at tem- 
peratures of 18°, 535°, 650°, and 760° C. after forging and 
annealing at 900° C. showed titanium to improve some of 
the elastic properties at high temperatures and particularly 
the limit of proportionality at 535° C. 

Titanium improved the resistance to oxidation of these 
steels at 870° and 980° C., and 0-25% of titanium seemed 
to be sufficient for a marked improvement at 870° C. 
With higher titanium the oxidation at 980° C. was localised. 
These results were obtained from oxidation tests conducted 
in triplicate at 650°, 760°, 870°, and 980° C., using cylinders 
3 in. dia. by } in. long heated in an electric muffle for 1,000 
hours in still air. 

Creep tests were made on the four steels by a method 
which complied with the requirements of the A.S.T.M. 
Tentative Standard. Test specimens were heated to 
595° C., and a stress of 2-7 tons per sq. in. was applied for 
1,000 hours, and from the data obtained the rates of creep 
were determined at two periods, as shown by the following 


results. 
Rares or Creep Per Cent Per 1,000 Hours. 
Steel. A. B. C. D. 
After 400 hours.. .. 0-295 .. 0-265 .. I-11 .. 0-46 
After 800 hours... .. 0-295 .. 0-265 .. 3-98 .. 0-68 
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Steels A and B have a constant rate of creep, and steel 
B with the higher carbon content and 0-25°,, of titanium 
shows the best resistance to creep. Steels C and D enter 
the stage of increasing creep rate in less than 800 hours, 
and steel C is apparently near failure at the termination 
of the test, and shows a decidedly lower creep resistance 
than steels with both less and more titanium. 

Tensile tests at room temperature were made on the 
creep-tests specimens to determine the effect of high- 
temperature creep on the steels. It was found that titanium 
improved the ductility of high chromium steel after sub- 
jection to the creep test—the ductility of the titanium steels 
being increased by creep testing, while that of the non- 
titanium steel was lessened. Titanium additions also 
increased the structural stability of the steels ; for none 
of the steels containing titanium showed such detrimental 
structural changes after creep testing at 595° C., as the 
plain chromium steel showed. 


Effect of Phosphorus 


Short-time tensile tests and long-time creep tests were 
carried out in the second investigation on a series of steels 
containing 0-21 and 0-35°, of phosphorus, and 0-20% of 
phosphorus with 1-0°, of chromium. The data obtained 
from these tests were compared with the properties of a 
steel containing 0-17°,, of carbon, 0-012°, of phosphorus. 
The result of these tests showed phosphorus to raise the 
tensile strength and yield point of 0-10 to 0-17% carbon 
steel at temperatures of 400°, 455°, and 510° C. without 
affecting the ductility. Phosphorus likewise produced 
better resistance to deformation, when the steels were 
subjected to a load of 5-5 tons per sq. in. for 1,000 hours at 
455° C. In the presence of chromium, phosphorus exerted 
a greater influence on creep than when alone. 

Tests were also carried out to determine the relative 
effects of phosphorus and molybdenum in imparting creep 
resistance at elevated temperatures, as well as of substitut- 
ing phosphorus for a portion of the molybdenum used. 
Three steels containing 1-0°, of chromium, and 0-2°, 
and 0-5°%, of molybdenum and 0-5°% of phsophorus, 
respectively, were tested at 455° C. for 1,000 hours under 
a load of 5-5 tons per sq. in., and two steels containing 
0-17% of phosphorus, 0-20°%, of molybdenum, and having 
1-0° of chromium in the one, and no chromium in the 
other were subjected to a similar load at 510°C. for a 
period extending over 1,000 hours. The general results 
of these tests showed the important function of chromium 
in steels for high temperatures, and indicated the molyb- 
denum and particularly phosphorus exert a greater influence 
upon creep properties, when chromium is present. It would 
appear, also, that phosphorus acts much like tungsten 
and molybdenum in bestowing creep resistance to steel, 
and that phosphorus has the apparent ability to replace 
at least a portion of the more expensive molybdenum in 
some steels for high temperature service without materially 
affecting the creep properties. 

Creep tests were also carried out on steels of varying 
alloy combination to which phosphorus was added. These 
steels contained varying combinations of chromium, copper, 
manganese, molybdenum, and silicon, and were tested 
at 455°C. and 510° C. under loads varying from 5-5 to 
12-5 tons per sq. in. Without chromium the creep pro- 
perties of phosphorus-copper-silicon steel were poor. The 
copper and silicon appeared to be of no definite help as 
such, but along with chromium a_ phosphorus-bearing 
steel of good resistance was obtained. Higher rates of 
creep were also obtained from these alloy steels, when oil 
quenched and tempered than when normalised and tem- 
pered, showing that the higher tensile and yield values 
resulting from oil quenching and tempering were obtained 
at the expense of creep resistance. 

The impact resistance of phosphorus steels as heat- 
treated, and after creep was determined from Izod and 
Charpy impact tests made on certain of the steels in their 


heat-treated condition, and from Izod tests after creep 
testing. These impact tests indicated that, for service at 
elevated temperatures where it is important to maintain 
a satisfactory impact toughness, the phosphorus content 
can be substantial, but not much above 2-0°%, unless it is 
augmented by other alloying elements such as chromium, 
copper, and molybdenum, in which case somewhat more 
phosphorus may be tolerated. Where impact resistance or 
toughness are of no importance, then, of course, larger 
quantities of phosphorus can profitably be employed. 


The Discovery of Radium in Canada 


The discovery of pitchbiende deposits of Great Bear Lake 
turned world attention towards Canada. In 1900 the area 
was visited by a Dominion Geological Survey party, and 
in the official report on this exploration appeared a brief 
statement to the effect that the rocky shores were stained 
in places with a pinkish coloured mineral, known to prospec- 
tors as cobalt bloom. Thirty years later an experienced 
cobalt prospector, reading the report for the first time, and 
knowing the relationship of cobalt bloom and native silver, 
set out to discover the area described. His journey, and 
the subsequent development of the silver pitchblende 
deposits, is one of the triumphs of modern mining. 

With a companion he was set down by airplane on the 
shore of Great Bear Lake in the early spring of 1930. They 
worked their way along the shore of the lake until they 
reached Echo Bay. One of the prospectors became snow 
blind, and the other decided to do some prospecting nearby 
while his companion recovered. He had the good fortune 
to find a large-vein stained with cobalt bloom, and contain- 
ing some silver. Following along the vein he saw a small 
blackish piece of ore about the size of a plum; it was 
pitchblende, the ore of radium. Looking more closely he 
found the vein from which it came. Thus from reading of 
an old account of a geological exploration, coupled with 
courage and modern means of transport, Canada became 
a radium producer. To-day a modern mining plant, 
capable of handling 100 tons of ore per day and employing 
over 100 men, is permanently employed. 

While the mine was being brought into production a 
process for treating the pitchblende was being worked out 
in the Bureau of Mines Laboratory at Ottawa, and a plant 
for the refining of the pitchblende concentrates was built 
at Port Hope, Ontario. Operations were begun in May, 
1933, and 3 grms. of radium were produced in that year ; 
34 grms. in 1934; 8} grms. in 1935; and by November, 
1936, the total production had amounted to 1 0z., or 
28 grms. The capacity of the refinery is being enlarged, 
and when complete it will be producing radium and by- 
products on a relatively large scale. 

Until the Canadian industry was established practically 
all radium ore was found in the Belgian Congo. In 1923 the 
price of a gramme of radium was about $150,000. At the 
time Canada began production the price was around 
$70,000, and as a result of Canadian competition is now 
about half that sum. The principal use of radium is in the 
treatment of malignant diseases, which take such an 
appalling toll of life every year, and we have reason to be 
proud of the contribution that Canada is able to make to 
the world’s supply. 

The Great Bear Lake development has been of importance 
not only because of the radium silver discoveries, but 
because of the inspiration it has given to prospecting and 
mining in the Territories by calling attention to the fact 
that large scale operations are possible in a region that, 
prior to 1930, was doubtfully regarded as profitable mineral 
country because of the problems of distance and com- 
munication. 


Messrs. Vickers-Armstrongs, Ltd., intimate the appoint- 
ment to their Board of Mr. A. Dunbar and Mr. A. B. Winder. 
Both these gentlemen are directors of English Steel Corpora- 


tion, Ltd. 
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Imperial and International 
Prosperity 
T the time of writing the national festival has 
reached its climax and the Coronation ceremony 
has been performed with all its ancient pomp. It 
has been an occasion for jubilation and rejoicing and, 
more than a national festival, it has been an imperial 
festival. Representatives from every country in the 
British Empire have taken part in what might be termed 
a celebration of its fundamental institutions in the Empire. 
The Coronation has, in fact, provided an opportunity for 
a manifestation of that unity of heart, of spirit, and of 
ideals which constitute the Empire, and has shown that 
King George VI belongs to each of the Dominions and 
Colonies represented with the same fullness as he belongs 
to Great Britain. 

Fortunately, the Coronation of King George VI has 
taken place at a time of prosperity, and in this respect 
differs from the Jubilee celebrations of his father, when 
Britain and the Empire were slowly emerging from a long 
period of depression. At that time there were significant 
indications of recovery, but actual reccvery seemed a long 
way ahead; manufacturers were doing more trade, but 
the basic industries were little better than during the 
slump period. To-day, however, Britain is probably more 
prosperous than she has ever been, the Dominions are 
recovering, and the Colonies are enjoying advancing 
commodity prices. This Coronation year, in fact, may be 
regarded as a prosperity year, which has in a measure 
contributed to the spontaneity of the celebrations. 

Imperial prosperity is one of the most satisfactory 
developments of the last year or two. Britain has made 
quite remarkable progress, and Australia, South Africa 
and New Zealand are equally prosperous. Canada too, 
seems to have overcome her period of depression and is 
making rapid strides towards prosperity. India is im- 
proving and in the colonies of Malaya, Africa and the West 
Indies, the rise in prices of raw materials has greatly 
improved the economic conditions. And the general 
upward trend of the world’s commodity prices is an 
important contributing factor, the continuance of which 
will further improve imperial economic activity. The 
time and conditions, therefore, are particularly favourable 
for an expansion of Empire trade, and facilities are being 
afforded for the consideration of this and other matters 
by holding an Imperial Conference. 


The Imperial Conference 


The statesmen of the young nations created by the 
Statute of Westminster, who have taken part in the 
celebrations, that is, of Canada, Australia, the Union of 
South Africa, New Zealand and India, together with those 
of the United Kingdom and other representatives of the 
British Empire, are meeting in Conference, and it would 
be a pity, in the aftermath of the Coronation, if the 
importance of this meeting was not realised. Many 
problems will be considered. The representatives will be 


able to discuss the Ottawa Agreements and their profitable 
revision, with the object of producing a set of trade agree- 
ments likely to reduce trade barriers rather than to increase 
them. It is gradually being appreciated that with greatly 
improved conditions the need for high tariffs and quotas 
as a protection are not now so essential as during the 
world slump, and an opportunity is provided for a return 
to freer trading conditions. 

Many important factors affecting world peace are 
connected with trade, and while this Conference will 
undoubtedly discuss Imperial trade, its effect on world 
trade should not be overlooked. Many countries continue 
to regard a condition of self-sufficiency as of major im- 
portance, but international prosperity is only possible 
when conditions are favourable for the interchange of 
commodities. The economic policy to-day is, in fact, a 
vital part of the choice between peace and war, for it is 
universally accepted that no political appeasement is 
possible without some relaxation of economic protection. 

The view has been expressed that the main subject for 
discussion concerns contributions towards rearmaments. 
This is foolish because the Dominions will rightly resent 
any attempt to place them under obligation, but, what is 
more important, the views of the Dominions on the policy 
of the British Government in regard to armaments is of 
vital importance ; the unanimous opinion of the Conference 
that proper action is being taken, not only to safeguard 
the British Commonwealth, but to promote world peace, 
would have an enormous influence among the nations of 
the world. Vital questions regarding the League of 
Nations will doubtless arise ; here again unity of thought 
and action on the obligations under the Covenant of the 
League would have a far-reaching influence on improving 
the status of the League in its deliberations. 

This will be the most important Imperial Conference 
ever held and its success would indeed set the seal of 
practical achievement upon the Coronation celebrations. 
Such a success would not depend upon economic agree- 
ments alone, although they are important, but upon a sane 
policy that would contribute to an improvement in world 
conditions and in world peace. This meeting will make 
history; it provides an opportunity for broad-mindedness 
and a useful contribution to the world’s problems such as 
would add lustre to the British Empire and the cause of 
democratic government. But the question may be asked, 
in what way can the British Empire contribute to the cause 
of peace? Surely such a powerful nation with good-will 
towards all, endeavouring to replace distrust with con- 
fidence, will have a steadying influence on Europe. Further, 
it should be possible to effect a mutual lowering of trade 
barriers and to make some arrangement for the pooling 
of natural resources in order to bring back to Europe and 
the world the healing streams of revived commercial 
intercourse. 

May the statesmen and representatives at this Con- 
ference keep before them the words of Mr. Baldwin when 
he said “ Let us dedicate afresh, if need be, ourselves to 
the service of our fellows, a service in widening circles, a 
service to the home, to our neighbourhood, to our country, 
to our province in the Empire, and to the world. No mere 
service of our lips, but the service of our lives.” With 
this in view the deliberations may well assist the cause of 
world peace and promote international prosperity. 
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The Opening of the Dusseldorf 
Exhibition 
HE Diisseldorf Exhibition, which is a great effort to 
| demonstrate four years of intense development 
work of the industries of Germany, was opened on 
Saturday, the 8th May, and will remain open until October. 

The Editor of this Journal, probably because of the 
Journal’s high technical standing in the iron and steel and 
non-ferrous metal industries, was favoured with an in- 
vitation to the opening ceremony, and the occasion was 
well worthy of the special journey taken to Diisseldorf. 
Great care had been taken in the selection of those invited, 
and there were very few foreigners in the Hall to listen to 
General Goering delivering his address. 

The area covered by the Diisseldorf Exhibition is practi- 
cally the same as that covered by the Exhibition at Paris, 
and it is of special interest because of Diisseldorf being the 
industrial capital of the Rhineland, in the neighbourhood 
of which are world-famous manufacturers of heavy iron 
and steelworks machinery. 

The Essen Works of Krupp are not far distant, and in 
the main Machinery Hall, the name of Demag is prominent 
because of the large overhead crane installed by that firm. 

An exceptionally interesting exhibit of heavy and light 
machine tools is being made by Schiess Defries, with unique 
control and other features, and there is a Waldrich planer of 
quite exceptional dimensions. 

Eumoco in the two Machinery Halls are demonstrating 
forging and other machines, and prominent exhibitors of 
heavy plant are Maschinenfabrik Sack and Maschinenfabrik 
Meer. 

There is a considerable amount of furnace equipment 
also being shown and an electric furnace of Demag 
Electrostahl attracted considerable attention on the opening 
day. 

The opening day of the Exhibition was too close to our 
press day to enable us to give here a detailed description 
even of the more important exhibits, and there are indeed 
many features of engineering interest throughout the 
entire exhibition. 

There were present at the opening, representatives from 
all the principal German industrial organisations and 
great enthusiasm was shown. The Diisseldorf Exhibition 


is a practical manifestation of the healthy enterprise 
of German industry, and while engineering comprises 
only a small part of the whole, yet the exhibits are well 
worthy of the attention of all engineers. 


Aluminium in the Nitric Acid Industry 


Tue behaviour of aluminium in contact with nitric acid 
of different concentrations has been investigated by 
Chevillotte,* the results of which show that there appears 
to be no permanent passivation of the metal in contact 
with the acid, but the dissolution in concentrated acid 
(48° Bé) amounts to only 0-45 gm./m.* per day, which is 
about half the value generally regarded as the maximum 
rate of corrosion in chemical plant of a permanent nature. 

The curve of loss in weight against concentration of acid 
shows a pronounced maximum at an acid concentration of 
20° Bé. and falls off practically to zero for the very dilute 
and the very concentrated acid above 91%, for the 99-5%, 
aluminium. The losses in weight are increased 2—5 times 
for a rise in temperature of 40°C. Care must be taken also 
in the construction of the apparatus as very rapid corrosion 
may set in, particularly at faulty welds. The welds must 
be perfectly sound and no pores should be allowed to remain. 
The structure of the weld should be as homogeneous as 
possible. This may be achieved by hammering the weld, 
the hammering being followed by annealing by warming 
with a blowpipe flame to 350-400°. In the case of thick 
welds, hammering and annealing should be repeated 
several times. 

The presence of flux inclusion in the surface of the metal 


* R. Chevillotte, Rev. Aluminium, Feb., 1937, p. 559. ; 
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in contact with the acid should be prevented. This is 
ensured by welding all joints in containers, etc., from the 
outside, As flux inclusions have a tendency t rise, the 
surface of the weld should be ground away by means of a 
portable grinding wheel and then thoroughly washed with 
hot water prior to hammering. In general, it has been 
found that oxy-hydrogen welded seams are superior to 
those welded by the oxy-acetylene flame and that hammer- 
welds ere superior to both, particularly in contact with the 
hot concentrated acid. The plant, a large number of parts 
of which are illustrated, is that used at a French chemical 
works producing nitric acid by the ammonia oxidation 
process. As far as possible all the plant in contact with the 
oxides of nitrogen first formed and the nitric acid. is made 
of aluminium. 

Ammonia and oxygen are supplied through aluminium 
pipes to the chamber containing the catalyst material and in 
which the oxidation of ammonia takes place. The oxides of 
nitrogen pass through two cooling towers. In the first a 
preliminary cooling takes place, while in the second the 
oxides of nitrogen are liquefied by cooling them by refrig- 
erating brines. Corrosion of the aluminium by the 26° Bé 
calcium chloride brines is prevented by the addition of 1-2%, 
of sodium chromate, Traces of nitrogen peroxide, which 
escape liquefaction, are absorbed in an aluminium washing 
tower. The liquefied nitrogen peroxide is-stocked in all- 
aluminium tanks. The nitrogen peroxide is further 
converted into nitric acid by oxidation under pressure in 
an autoclave. 

The nitric acid obtained is decolourised by heating in a 
steam-jacketed tower to 100° to remove the dissolved 
oxides of nitrogen which are returned to the refrigerating 
towers, while the purified acid is cooled in an aluminium 
heat-exchange apparatus and stocked in large aluminium 
tanks. Aluminium has also been used for a number of 
minor fittings and accessories. An interesting example of 
the latter is an all-aluminium, self-starting syphon used 
for the handling of the concentrated acid. Finally, 
aluminium tank cars are used, with excellent results, for 
the transport of the nitric acid in bulk. 

Standard Ferro-chromiums 
Tue Bureau of Analysed Samples Ltd. announces the issue 
of two new standard ferro-chroniums having the following 
compositions :— 


Low Carbon, | High Carbon, 
No. 203. No. 204. 


o/ 


/ 


The general analysis of the other constituents is also 
supplied but not standardised. 

As usual each sample has been analysed carefully by at 
least ten chemists representing independent laboratories, 
and buyers’ and sellers’ chemists. 

The certificate which accompanies each bottle of the 
standard sample gives an interesting record of the methods 
of analysis used by each chemist. The orthodox sod. 
peroxide fusion method was used by the majority of 
chemists, but in several cases the new persulphate and 
perchloric acid methods, which have proved to be both 
quick and accurate, were used. 

Other interesting features were a new combustion method 
and a new perchloric acid method for sulphur. 

These standard samples should prove useful to the many 
chemists in iron and steel and other laboratories where 
ferro-chronium is analysed to specification. The low carbon 
sample is recommended to makers of stainless steels. 

The standard is issued in bottle containing 100, 50, and 
25 grms. each, and may be obtained direct from the Bureau 
of Analysed Samples, Ltd., 3, Wilson Street, Middlesbrough, 
or from any of the usual laboratory furnishers. 
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Nickel and Zinc Electroplate Finishes 
for Iron and Steel Components 


By E. E. 


HALLS. 


In this article evidence is given that a preliminary nickel plating improves the quality 

of electro-zine coatings from both durability and appearance aspects ; it substitutes the 

zine flash normally applied prior to the main zinc deposition direct on steel, and the 
additional cost of applying the nickel underlay is practically negligible. 


ICKEL and zine are the two most extensively 
| N exploited electroplating processes in general 
engineering. As separate finishes each is popular 
in diverse established applications, but the advantages to 
be obtained by combining the two in the one coating—that 
is, zine deposited over a preliminary coating of nickel—are 
not appreciated by so many engineers and electroplaters. 
Before discussing this duplex finish, a few notes on the 
general aspects of the single coatings are appropriate. 
In the case of ferrous components, obviously protection 
against rusting is the prime function of the coating, 
although appearance may also be an essential feature. 
With nickel a heavy coating is desirable, and to be effective 
the quality of the plating must be beyond doubt, because it 
is electronegative to iron. Surface cleaning and preparation 
must be correct in order to guarantee adhesion, and 
operating conditions must be scrupulously clean and well 
controlled to produce deposits free from porosity and 
inclusions. Deposits of the order of 0-001 in. to 0-002 in. 
in thickness are usually agreed upon as necessary for 
efficient service under interior conditions, although impor- 
tant factors, such as assembly, fit and production cost 
cause very much thinner nickel platings to be employed. 
The trend to-day is to favour nickel plated directly on iron 
and steel, in preference to copper/nickel or nickel/copper/ 
nickel platings ; the former being a one-bath process, is 
rather more economic in production, and with modern 
agitated, filtered, hot nickelling plants is superior to the 
duplex or triplex finishes (of the same tota! thickness). 
Nickel is extensively employed on miscellaneous com- 
ponents without preliminary mechanical preparation of 
their surfaces, but in the condition they leave the machines. 
Again, it is deposited on polished surfaces, and finally 
coloured by mop or straight grained, to give really attractive 
finishes. 

Zine is electropositive to iron, so that thin coatings 
afford preservation, although, up to a limit, the thicker 
the deposit the more extended the protection period 
becomes. For interior conditions a deposit of 0-0005 in. 
to 0-001 in. is satisfactory, although a little thinner coating 
can safely be resorted to if close-dimensional tolerances are 
involved. Zine thus proves rather less expensive than 
nickel in providing a similar order of protective quality, 
but it falls short of the latter from the artistic view- 
point. However, by taking certain precautions, which are 
neither complex nor expensive, neat, attractive zinc 
deposits can be procured, which, although still not com- 
parable with polished nickel for exterior fittings on equip- 
ments, contribute considerably towards saleability. 

These special steps include a preliminary thin underlay 
of nickel plate, the use of acid sulphate-zinc solution, 
the inclusion of a small proportion of aluminium salts, and 
of an organic refiner in the electrolyte, careful control of 
plating conditions to ensure uniformity, and assurance that 
the mains water, used for final washing, does not contain 
excessive chlorides and sulphates, or, in the latter case, 
employing a final rinse in distilled water. Considering 
these one by one, the preliminary nickel does not generally 
cause additional cost, because it may be very thin and nickel 
vats are available in most plating shops. In normal practice, 
a separate zinc flash or strike, or else a copper flash, is 


Fig. 2.—Cyanide-zinc deposit 
direct on steel. x 80. 


Fig. 1.—Sulphate-zine deposit 
over a nickel underlay. x 200. 


usually employed. Acid-zine solutions are easier to mani- 
pulate than alkaline baths, and the deposits are easier to 
wash after plating, and retain their light colour, being free 
from the tendency to darken rapidly. Aluminium sulphate 
and glucose are the usual additants, and with these present 
the distribution of the plating approaches that from 
alkaline-zinc baths. Plating control is a sine qua non of 
all first-class plants. Attention to the natural impurities in 
the water supply is admittedly a bugbear, but staining due 
to them occurs in several finishing-shop processes. 

The attributes of an undercoat of nickel beneath the zinc 

plate may, in the writer’s opinion, be summarised as follows : 

1. Relatively good throwing power enables recesses, 
inner surfaces of bends and cupped portions of 
articles to be rapidly covered. 

2. Inequalities in the surfaces of the object, scratches, 
roughness, pores and cavities in castings become 
better obscured and reflect less in the final zinc- 
plated component. 

3. Nickel plating solutions being acidic in nature are 
free rinsing, and troubles, especially with castings, 
of washing free from cyanide plating solution, are 
greatly minimised or eliminated. 

4. Acid zine-sulphate solutions are logical for the final 
zine coatings, and the combination gives a finish 
generally superior to cyanide-zine platings (com- 
pared on the basis of equal thicknesses), despite 
the fact that throwing power of the latter is 
superior. In some obscure manner zinc-sulphate 
electrolytes seem to cover better over a nickel 
underlay. 

5. A combination of the above factors ensured a zine 
finish of better colour. The light bluish-grey, 
characteristic of zinc-sulphate electrolytes, is pro- 
duced, no dark areas exist as they do in the more 
thinly coated regions when copper is used as an 
underlay, and there is no gradual darkening to a 
blackish grey as there is with cyanide-zinc deposits, 
from which it is practically impossible to wash out 
all traces of alkali. 

6. Rust-proofing qualities are considerably improved, so 
that longer service can be guaranteed than when 
direct zinc is employed of the same thickness. 
Alternatively, a somewhat thinner coating can be 
used for the same service-life. 
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7. Adhesion is exceedingly good, and does not decrease 
with “age ’’; comparison with direct zinc-plated 
articles produced by various processes generally 
indicated superior adherence for the nickel/zine 
plating. 

The artistic attributes of nickel /zine finishes can only be 
appreciated by examining samples in comparison with 
direct zine plate on iron, and therefore this article concern 
itself mainly with the durability aspect. Consequently, 
various results of accelerated corrosion tests are cited to 
illustrate this feature. These tests were not made on 
specially plated test-pieces, but on miscellaneous articles 
having piercings, drillings or forms varying from 0-031 in. 
to 0-080 in. in thickness. The batch numbers represent 
articles closely alike in shape. 

TABLE I. 
SMALL COMPONENTS ZINC PLATED DIRECT ON STERL FROM ZINC-CYANIDE BATH. 
SIX SAMPLES OF EACH OF FOUR BATCHES SUBMITTED TO SALT SPRAY TEST. 


| Sample Batch Numbers. 
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irregularity of throw of the zine, shielded areas, etc., 
prevent this. The indications seem quite definite, however, 
that the nickel/zine combination is markedly the best, 
while the sulphate-zine plating is a little inferior to the 
cyanide-zine samples, from the view-point of durability. 
From the results one is tempted to predict 50% to 100% 
longer service for the nickel/zine finish, the comparison, 
of course, being on the basis of equal average thicknesses 
of coating. 


TABLE IIl. 
SMALL COMPONENTS NICKEL /ZINC PLATED FROM SULPHATE BATHS. 
SIX SAMPLES OP EACH OF POUR BATCHES SUBMITTED TO SALT SPRAY TEST. 


| Sample Batch Numbers. 
Period of 


Period of | 


Test. 
1. 2 3. 
1 day Rustingin bends Traces of rustin | Traces of rust in No rusting 
; bends bends 
2 days Rust spreading Rust in bends | Rust in bends | No rusting 
from bends on all samples on all samples 
3 days No change Heavy rusting | No change Rust in holes 
on inside sur- 
faces of bends 
5 days Inside surfaces | No change Inside surfaces | No change 
of bends all of all bends 
rusted rusted 
14 days No change 50°, of samples | All samples ex- | All surfaces ex- 
showing rust hibiting rust hibiting rust 
generally generally generally 
Is days Rust spreading All samples 
to all surfaces general rust- 
Ing 
TABLE ITI, 


SMALL COMPONENTS ZINC PLATED DIRECT ON STEEL PROM ZINC-SULPHATE BATH. 
SI¥Y SAMPLES OF EACH OF FOUR BATCHES SUBMITTED TO SALT SPRAY TEST. 


Sample Batch Numbers. 
Test. 


1 day No rusting No rusting No rusting No rusting 


No rusting No rusting No rusting No rusting 


2 days 


3 days No rusting Rust on inside | No rusting No rusting 
surfaces of 
bends 
i days No rusting Two samples | General rusting | Rust on edges 
generally rust- 
ing 
5 days Rust in holes -- tust in holes 
ind inside sur- 
faces of bends 
9 days Main surfacesof Al! samples All samples 
four of six generally generally 
samples still rusting rusted 
not rusted 
14 days Rust developed 


generally on 
ill samples 


Tables I, II and III, respectively, contain salt spray test 
results on components zine plated from cyanide solution, 
zine plated from sulphate solution, and given a double 
coating from nickel and zinc-sulphate solutions. They 
were all plated to a nominal thickness of zinc of 1,000 milli- 
grams of zine per square decimetre, and thickness test 
results on representative samples are given in Table IV. 
The latter also shows the surface area of the articles in 
order to better visualise the nature of the work. The salt 
spray was produced by atomising 20°%, salt solution in a 
closed chamber, the atomiser comprising two fine nozzles, 
one to which salt solution was fed by gravity, and the 
other through which a gentle blast of clean, compressed air 
passed. A day’s exposure consisted of the working day in 
the chamber with the spray operating, the night period 
in the spray-laden chamber with atomiser off, and then 
rinsing in cold water and drying before examination. 

Table IV shows that all zine thicknesses are com- 
mercially of the same order, and that therefore the spray 
test results are comparable. These are self explanatory in 
the Tables, although it is difficult to evaluate the finishes 
to a precise durability ratio. The shape of the articles, and 


now 


Test. 
1. | 2. 3. 4. 
3 days No rusting | No rusting No rusting No rusting 
i days Rusting in tiny | Some rustingon | Tiny rust spots | No rusting 
holes | inside surfaces on inside sur- 
of bends and faces of bends 
| | in holes 
6 days | Some rust on in- | No change No change No rusting 
side surfaces | 
of bends | | 
11 days | Little further | Little further | — | Rusting in 
change change | holes, one 
} | sample show- 
| |} ing rust 
| | spots fairly 
| | | generally 
13 days Inside surfaces | Rusting extend- — | A second sam- 
of bends fairly | ed on inside | ple showing 
generally | surfaces of rust spots 
rusted bends | generally. 
15 days No marked | No marked Rust spots de- | One more 
| change change veloping near sampie rust 
| edges of 50°, ing generally 
| of samples 
20 days | No marked! No marked | All rusting near | Little further 
| change change edges, one change 
| generally | 
| rusting 
26 days No marked | Two samples | Rustdeveloping | Four samples 
| 
| 


change generally on gener- 


| 
| 
| 
deve loping 


rust generally “°, of the ally rusting 
samples | 
33 days No marked | Three samples | Four samples | No change 
change now generally now generally 
rusting | rusting | 
days General surfaces | Four samples | All samples now No change, 
still good, now generally developing | two samples 
traces of rust rusted, two | rust generally still good 


on two only 


still very good 


TABLE IV. 
DATA CONCERNING DEPOSIT THICKNESS OF BATCHES OF COMPONENTS USED FOR SALT 
SPRAY TESTS IN TABLES I, II AND III. 


Average Thickness of Coating, Milligrams /sq. Decimetre. 


Table Type of 
No. Coating. | Sampie Batch Number. 
Metal. | Test. 
| 3 | 3. 4. 
| | 
1 Cyanide zine Zine a 1,280 | 768 1,252 | s64 
b 1,200 | 1,403 | 71 
| 1,058 864 | 1,364 832 
Mean 1,180 875 «1,340 
2 Sulphate zine Zine n soo | 693 | 808 | 1,568 
b 756 | Sil | 917 | 1,213 
e S44 915 | 974 1,370 
| Mean | 800 | | 1,384 
3 Nickel Nickel | a 83 147 | | 268 
| ob lll | 94 | 174 
133 | 91 163 
Mean | 17 | 125 | 125 172 
| | | 
Zine a 803 | 805 | 647 | 642 
b 742 | +992 | #819 | 706 
e 877 | 931 | 723 | 613 
| Mean 907 | | 730 654 
| 
-| O15 | 0-20 0-31 


showing the average thicknesses of electroplate coatings of 
the batches of components employed, and the approximate 
average areas for visualising the size. They were again 
angular components with formed portions, tapped holes, 
and thicknesses ranging from 0-031 in. to 0-080in. The 
test conditions comprised submission to the spray of distilled 
water, atomised by compressed air, and utilising equipment 
similar to that for the salt-spray test. A day’s test consisted 
of the day period of 8 hours in the spray, remaining for the 
night period in the damp cabinet, then washing under cold, 
running water and drying. 


: Pable V gives some water-spray test results; Table VI 
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Table VII refers to a second water-spray test, in which 
water spray and atmospheric exposure alternated—viz., 
one day water spray as above, one day in external open 
atmosphere, but sheltered from direct rain. The articles 
used for this test were taken from the same batches as 
used for the previous test, so that the data in Table VI for 
coating thickness appertains also in this instance. 

The water-spray tests are useful ones in so far as they 
are stringent, because they dissolve off the zinc coating 
fairly rapidly without building up a thick layer of corrosion 
deposit ; also rusting is clearly marked, although at tiny 
points. On both the water-spray tests the duplex plating 
of nickel/zine proved superior to the single coating of zinc 
from a sulphate bath, despite the fact that the average 
thickness of plating in the latter case was about 50%, 
heavier. 

TABLE V. 
WATER SPRAY TEST RESULTS, SIX SAMPLES OF EACH ZINC AND NICKEL /ZINC PLATED 
STEEL COMPONENTS SUBMITTED TO ‘TEST. 


| 
Nickel /Zine Finish. 


Period of Zine direct from Sulphate Bath. 


| 
Test. 
! 
1 day Superticial white deposit formed Superficial white deposit formed 
but not so marked as with salt | 
| spray test | 
9 days | (@) The nickel underlay showed | All samples rusted, evidenced 
very markedly, especially in | by very tiny rust spots 
bends and in centres of large, | generally distributed. ‘Test 
| flat areas | discontinued 
| (6) Inside surfaces of one sample | _- 
rusted | 
| (ce) Tiny rust spots generally - 
forming on one sample } 
21 days Tiny rust spots near edge of a —-- 
third sample } 
24 days Three samples still unaffected. 


Test discontinued 


TABLE VI. 


DATA CONCERNING THICKNESS OF PLATING ON COMPONENTS USED FoR WATER TiSTS 
IN TABLE V 


Nickel /Zine Zine Finish, 
Finish, | 
Average thickness of nickel undercoat, 
milligrams /square decimetres.............. j 224 
Average thickness of zine, milligrams /square 
Approximate average area, square decimetres. . 0-5 | 


TABLE VIL 


ALTERNATING WATER SPRAY AND OUTSIDE ATMOSPHERIC EXPOSURE TEST RESULTS, 
SIX SAMPLES OF EACH ZINC AND NICKEL /ZINC PLATED STEEL COMPONENTS SUBMITTED 


Period of Zine direct from Sulphate Bath. 
Test. 


| 

1 day Slight superficial white deposit | Slight superficial white deposit 
formed | formed. 

9 days Three samples showed evidence | All showed some rust in bends, 
of rusting—two of them in and three samples tiny rust 
bends, and one on general spots on general surfaces. 
surfaces 

21 days Rusting a little more marked, | 
and a fourth sample badly | 
rusted along edges | 

24 days Two of the six samples not Tiny rust spots definitely 


present on most surfaces, 


altbough extent not bad. 


| 
| 
| 
| 
| 
| 
| rusted 


With regard to adhesion, the presence of the nickel under- 
coat does not, as some might at first sight consider, weaken 
the finish. On the contrary, it affords a simple expedient 
for ensuring that adequate adherence is secured. In the 
case of the articles used for the durability tests, the follow- 
ing observations were recorded : 

(a) Samples zinc plated from cyanide baths, on gradually 
bending through 90° the coating flaked off 90% 
of the samples tested. 

(6) Samples zinc plated from sulphate baths, on gradually 
bending double (that is, through 180°) the coating 
tended to powder or flake off the majority of the 
samples. 

(c) Samples nickel/zine plated from sulphate solutions, 
all withstood bending double (viz., through 180°) 
without any impairment of the adherence. 

The nominal plating conditions concerned in the finishing 

of the articles used in the tests were typical of usual practice, 
and were as follows : 
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(a) Zine from cyanide baths. 
Electrolyte— 


Zine cyanide .. 25 oz 
Sodium cyanide 
Caustic soda .. .. .. .. 16,4, 
Temperature .. 80/90° F. 
Voltage 4 volts 
(6) Zine from sulphate baths. 
Electrolyte— 
Zine sulphate 60 oz. 
Aluminium sulphate 2 
Sodium chloride .. .. .. 
Glucose syrup 
1 gal. 
Temperature . 70/80° F. 
Voltage 4 volts 
(c) Nickel from sulphate bath. 
Electrolyte— 
Nickel sulphate .. .. .. 3002 
Temperature .. . 80/100° F. 


Current density Approx. 15 amps./sq. ft. 


All the platings concerned (freshly plated) were pale 
bluish-grey in colour, the sulphate-zine and nickel/zinc 
being considerably lighter than the cyanide zinc. They 
were all fine-grained, reguline deposits, but again the 
cyanide deposit was rather coarser than the others. The 
aluminium-sulphate constituent in the zinc-sulphate elec- 
trolyte materially assisted in this direction. Fig. 1 is a 
microphotograph of the nickel /zinc coating at 200 diameters, 
and Fig. 2, of the cyanide zinc deposit at 80 diameters. The 
superiority of the former is evident from the view-point of 
fineness and density. 


From the evidence offered in the foregoing, a preliminary 
nickel plating improves the quality of electro-zine coatings 
from both durability and appearance aspects. The reason 
for the first is a little obscure, but is probably associated 
with the natural inertness of nickel, which adds to the 
protective qualities of the coating in areas where the zinc 
throws poorly. The explanation of the second is the 
superior covering power of the nickel, and the better 
washing characteristics of sulphate deposits as compared 
with cyanide coatings. 

The additional cost of applying the nickel underlay is 
negligible. Firstly, a thin coating serves, 100 to 300 milli- 
grams per square decimetre being a suitable thickness, 
which involves a plating period of from two to five minutes, 
according to the plating conditions of current density. 
Secondly, this operation substitutes the zinc flash normally 
applied prior to the main zine deposition direct on steel. 
Consequently, greater consideration is warranted of this 
duplex plating, and it is particularly advocated for small, 
miscellaneous pressings, castings and components, all 
those into which a special difficulty is anticipated in 
securing throw of metal plating into the inner portions, 
and removal of plating solution from casting cavities and 
recesses. 


Soviet Output of Manganese Ore 


In 1936 the Soviet Union produced 2,840,000 tons of 
manganese ore, as against 1,734,000 tons in 1934, which 
then represented about 60°, of the entire world output. 
Foreign consumers of Soviet manganese ore are mainly 
the big iron and steel producing countries. In 1935, 40% 
of the imports of manganese ore into the United States 
came from the U.S.S.R. ; 60°, of the German imports ; 
50% of the Italian imports ; 69°, of the Polish imports, 
and 25% of the French imports. The Soviet manganese 
ore deposits are situated in Chiatury, Georgia, and Nikopol 
in the Ukraine. Their close proximity to Black Sea ports 
greatly facilitates the export of the ore. 


* 
| | 
TO TEST. 
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The Heat-treatment of Structural Steel 


Some Practical Considerations 
By LOXLEY 


Results sought in heat-treating practice are determined by the proper combination of 
the man, the furnace and the material or component to be treated. In this article 
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some of the factors that influence results in practice are discussed, and attention 
is directed to dimensional changes, yreparation for machining, preliminary 
treatments, and the quenching and tempering of carbon and alloy structural steels. 


on distortion. The difficulties caused by distortion 

vary. Persons engaged in the heat-treatment of 
parts in the rough are not likely to suffer as much in- 
convenience as others who must quench and temper 
finished or semi-finished parts. The inconvenience and 
loss caused by the volume changes taking place during 
heating, quenching, and tempering, structural steel cannot 
be denied, and should not be glossed over. The total 
amount of money spent in this country yearly on 
straightening operations alone must be no in considerable 
sum, it is little wonder that production engineers are 
inclined to grouse. 

Special precautions cost money because they always 
tend to reduce furnace output, increase the labour charges, 
and often add to the cost through the necessity of previd- 
ing and maintaining special quenching tools and jigs. The 
care taken should be governed by the degree of dimensional 
accuracy required, and the extra cost in the hardening shop 
carefully balanced against the anticipated reduction in 
costs during subsequent operations and possible direct 
economies by reducing the number of rejections. 


The troubles caused by distortion can be made into a 
useful flail with which to belabour the heat-treater, as he 
often knows to his cost ; but consider for a momemt his 
difficulties. No steel is thoroughly homogeneous. It is 
seldom that two consignments of steel are exactly alike 
although they may be supplied to meet the same specifica- 
tion. The most serious problem bearing on the distortion 
of steel during heat-treatment is the volume changes that 
are associated with the heating and cooling of all structural 
steels. If steel expanded and contracted regularly on 
heating and cooling the problem of preventing distortion 
would be stmplified, although it would be bad enough 
when quenching constructional details in which thick and 
thin sections existed in the same piece. But as the steels 
we are considering all suffer a contraction on changing from 
the alpha to the gamma state on heating and an expansion 
when martensite is formed on quenching, changes opposed 
to the normal expansion and contraction, respectively, 
and further slight dimensional changes on tempering, the 
heat-treater is set a pretty problem. 

If it should be of importance to hold distortion to a 
minimum then at least one preventable cause of distortion 
should be eliminated, namely, movement effected by 
stress-release during heating. Annealing before machining 
is the best preventive ; but annealing may be objection- 
able on other grounds (ease of machining, quality of finish). 
An alternative is to normalise and then reheat to the soften- 
ing temperature, just below the Ac 1, and soak. Soaking 
in the softening range of temperature will of itself, apart 
from a previous normalising, remove most of the internal 
stress set up by previous operations. 

A slow enough rate of heating would cause all sections 
of the part to expand, contract, and then expand again 
at the same time. Clearly, this rate of heating is too slow 
to be practical, but the heating rates of different parts of 


"Ta first part of this article* closed with a few remarks 


* Published in the April issue. 


the same piece should be as nearly as possible identical. 
Most of the steels affected have a low creep strength at 
temperatures over 700° C., and suitable precautions should 
be taken to prevent their sagging under their own weight, 
the slower the rate of heating the more important this 
becomes. 


It is sometimes supposed by persons having only a limited 
or superficial knowledge of the subject that the exercise of 
greater care during quenching and the determination of the 
dimensional changes of a few typical examples should be 
sufficient to establish the amount and direction of the 
changes. There is a modicum of truth in the idea, but it is 
a long way from being the whole story, as anyone holding 
such views may readily prove for himself by extending 
his experiments to include a large number of similar 
specimens, instead of limiting them to a few examples. 
If the minimum of distortion is essential the hardener 
must be given some mechanical aid, but to pursue such 
methods to their logical conclusion would be impossible 
in many existing hardening shops. One is inclined to ask 
if heat-treaters have become too stereotyped in their 
methods, might not something be done to develop steels 
and methods that would make quenching in molten salt 
or metal baths of more general use as a means of reducing 
distortion. 


Preparation for Machining 


An important part of the heat-treatment of many 
structural steels is their preparation for machining, although 
this only applies to components that are to receive some 
machining before final heat-treatment. Full annealing 
is not usually the best for this purpose, because it makes the 
steel too soft, unless the carbon content is fairly high. 
In this soft condition the steel is torn rather than cut 
during any machining operation, this itself gives a poor 
finish, although finish is often made much worse by steel 
sticking to the edge of a tool instead of coming away 
crisply, still further tearing and damaging the machined 
surface. 


For most carbon and low-alloy structural steels 
normalising gives the best all-round results. Often ordinary 
air cooling without any special precautions is good enough, 
but, obviously, the results will not be quite the same if 
parts of small or medium size are cooled singly or in batches 
as they are removed from the furnace. The essential thing 
is to get a finely-crystalline structure with pearlite and 
ferrite evenly distributed. For most machining operations 
on steel containing more than 0-25°%, carbon finely 
laminated pearlite it to be preferred to sorbite, and with 
few exceptions troostite and laminated pearlite structures 
machine freer and cleaner than the corresponding structures 
in which the ‘carbide exists in the spheroidal or globular 
forms. The exceptions are the few high carbon steels 
that can be classed as structural, these are generally 
at least partly spherodised ; and some soft straight carbon 
steels that are better machined in the oil or water-quenched 
condition, although these, too, are often troostitic because 
the quenching rate is slower than the critical cooling rate. 
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As the alloy content of structural steel increases there is 
generally an increased tendency to air harden. At first 
the hardening is often local, small grains of martensite 
existing together with ferrite and troostitic pearlite and 
sometimes even finely-laminated pearlite in the normalised 
steel. In this condition the Brinell hardness number may 
not be greatly affected, but the martensite present will 
have a serious effect on machining times and tool life. 
This tendency to form martensite must be controlled by 
retarding the cooling rate, which can readily be done in 
continuous furnaces, but not quite so readily in batch-type 
normalising. The alternative is to reheat the air-cooled 
parts for a short time so as to temper the small amount of 
martensite present. 

With still higher alloy contents a rather slow rate of 
cooling becomes necessary so that the softening or temper- 
ing treatment after norma! air cooling is no longer merely 
desirable, but now necessary. An alternative to this is 
to air-cool the complete charge until the coldest part has 
fallen to about 600° C., and recharge complete into another 
furnace maintained at a temperature of 550° C./600° C., 
hold at this temperature until the temperature has 
equalised throughout, and then cool in air. If sufficient 
work is being treated one holding furnace will look after 
the work of two, three, or even more normalising furnaces, 
and under such conditions this is usually the cheapest 
method if a continuous furnace is not available. 

For the really hard steels, air-hardening nickel-chromium 
steel, for example, there is only one really satisfactory 
treatment for everyday use and uniform results, and that 
is to heat in the softening range, about 630° C. to 650° C. 
(actually, a rather prolonged tempering treatment). 
Soaking should be thorough, and the treatment is best 
applied after a preliminary air cooling (hardening) from 
a temperature rather higher than would be used for final 
hardening. This gives a uniform but somewhat larger 
grain-size which is better for machining than the smaller 
grains produced at lower temperatures. It is true that 
good results can be obtained by combining the two treat- 
ments, annealing in large furnaces where the cooling rate 
is very slow ; but the resulting hardness is not usually 
so regular as that obtained by the previous method. 


Preliminary Treatments 

The advisability of applying some heat-treatment as a 
preliminary to the final heat-treatment is a question that 
sometimes arises. Such a treatment may be used with the 
intention (1) of releasing casting or forging stresses or 
(2) of producing greater homogeneity throughout the mass, 
and in this way to give improved and more uniform 
mechanical properties after the final heat-treatment. 
The ideas behind such treatments are entirely different 
from those dictating the procedures used to improve 
machining properties, although most of the treatments 
used to produce desired machining properties meet the 
requirements of (1) also. In the remarks that follow it 
will be assumed that machining is to be done after final 
heat-treatment, and the discussion is, therefore, confined 
entirely to the two sections indicated above. 

The preliminary heat-treatment (annealing or normalis- 
ing) of steel castings that are to be quenched and tempered 
is always advisable. The temperatures used can be higher 
than those appropriate for hardening-heats and the soak- 
ing times can be longer. This promotes more complete 
balling-up of the non-metallic inclusions surrounding the 
primary crystals than would obtain at lower temperatures, 
and probably helps to some extent by diffusion to even out 
micro-segregation of the elements found dissolved in the 
ferrite at room temperature. Except, possibly, as a matter 
of convenience, it is difficult to defend the use of a pre- 
liminary treatment if used only for the relief of casting 
stresses—and the same remark applies equally to stress- 
release in forgings. Assuming the casting—or forging—to 
have become cold, stress-release mainly depends on the 
steel becoming more plastic on reheating, and is almost 
complete by the time it has reached hardening temperature. 
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It is as easy to use the same methods for reheating for 
hardening as for a separate treatment, although it may not 
be as convenient. Very large castings—or forgings—may 
be exceptions, but with these special precautions are 
usually taken during the cooling after casting—or forging 
—and an additional treatment of the kind referred to is 
probably more often a “ safety-first ’’ measure than an 
absolute necessity. 

All wrought-steel retains some evidence of its early 
history : seen in the numbers, kind, and distribution of its 
non-metallic inclusions, and its general and micro- 
segregations. This interests the heat-treater because of the 
difference in directional properties inseparable from com- 
mercial wrought steel. The ideal condition of most heat- 
treated forgings would be for them to exhibit identical 
properties in all directions ; this they do seldom, if ever. 
The magnitude of the variations between the transverse 
and longitudinal mechanical properties of a forging is a 
measure of the care with which the steel has been made 
and the heat-treatments carried out. The results should be 
considered relative to the other factors involved — size 
of ingot and amount of mechanical work. 

The steelmaker is justified when he maintains that steel 
cannot be made without inclusions, but their size and 
number affects the directional properties of the forged or 
rolled material. If the inclusions are small in size and 
evenly distributed they are not particularly harmful, but 
no prelimary or final heat-treatment can completely remove 
the influence of numbers of large inclusions drawn out into 
long threads during hot working. Heterogeneity is likewise 
a phenomenon inseparable under practical conditions from 
the solidification of any liquid system that crystallises 
as a solid solution on freezing. Hot-working a cored solid 
solution produces a material whose mechanical properties 
vary according to the relationship between the applied 
stress and the direction of maximum extension during hot 
working. It is the object of preliminary heat-treatments 
of type (2) to obliterate this influence by causing diffusion 
to take place. 

The rate of diffusion depends on the temperature of 
heating, and at the temperatures usual for the heat- 
treatment of structural steels is exceedingly slow for 
elements other than carbon. In endeavouring to assess 
the efficacy of preliminary treatments, it is essential to 
compare those that are of a similar type; the effect of 
dissimilar preliminary treatments can only be determined 
after the final heat-treatment has been given. This seems 
self-evident, but it is mentioned because the value of 
preliminary homogeneising treatments has sometimes been 
assumed from data that proved nothing of the sort and did 
not even permit of a direct comparison being made. 

To be really effective preliminary homogeneising treat- 
ments must be carried out at quite high temperatures : 
some 150° C. to 200° C. at least, above the final hardening 
temperatures. At one time it was common practice to 
anneal or normalise steel before heat-treating, but as the 
temperatures used were rarely much higher than the final 
hardening temperature, and often below the temperature 
at which hot working was completed, it is doubtful if such 
a practice could be defended either on theoretical or on 
economical grounds. As to undesirable structures produced 
by overheating, reheating for hardening will remove these 
as effectively as annealing or normalising ; assuming, of 
course, that the Ac, is exceeded in each treatment. 


Quenching and Tempering 


(1) Carbon Steels.—The upper limit of carbon structural 
steels suitable for heat-treatment may be placed somewhere 
about 0-6°, carbon, if spring steels be excluded, a group 
that hardly falls within the present review. Manganese is 
almost as important as carbon in such steels and much 
carbon steel intended for heat-treating would be improved 
if its manganese content were increased. Some specifications 
for medium carbon steel intended for heat-treating place 
the lower limit of manganese at 0-4°,, but this must, on the 
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whole, have done a considerable disservice to users. There 
is now a decided tendency towards higher manganese, and 
some more recent specifications allow up to 1-2°,. If the 
amount is still further increased, as in a number of well- 
known steels, they are more conveniently considered as 
low-alloy steels. 

Much heat-treated carbon steel never attains its optimum 
mechanical properties for the reason that it is not first 
properly hardened. In large sections this is not possible, 
even by drastic quenching, although it is doubtful if the 
drastic quenching of carbon steel is ever worth while. If a 
steel can only just meet the mechanical requirements by 
resorting to a very drastic treatment a certain amount of 
dissatisfaction will be experienced in everyday work. 
Results tend to be patchy and irregular from one con- 
signment to another, small variations in steel quality 
that would otherwise pass unnoticed being sufficient to 
upset the hardening. 

Carbon steels, for all their limitations as steels for heat- 
treatment, fill a large number of practical applications 
where weight is not of great importance, or the stress is 
low. Wear resistance is improved by increasing the carbon 
content, and of two steels heat-treated to give the same 
tensile strength that with the higher carbon (other things 
being equal) will wear the least, and usually be the more 
difficult to machine. There is reason to believe that the 
higher carbon steels have not the same capacity as low 
carbon steel for damping vibrations, and for this reason their 
use may be objectionable in parts subject to much vibration 
in service, although from considerations of wear alone a 
higher carbon content might be desirable. 

Structural carbon steels over a certain section consist 
almost entirely of troostite (or even pearlite) and ferrite 
in the quenched condition ; therefore it is possible to make 
use of them in the “ as quenched ” condition, and save the 
cost of a tempering operation. Large quantities of carbon 
steel have been so used, and probably still are, but whilst 
this method gives a slight saving in the hardening shop, 
the economy is often more than lost in the machine shop. 
If such troostitic steels be examined microscopically, they 
will often be found to contain isolated patches of martensite 
in the surface layers. This hard martensite rubs away the 
edges of the tools during machining, and the machined 
surfaces are often irregular and not true to size ; the harder 
parts of the steel push away the tool more than the soft. 
A tempering at 500°C. will decompose any martensite 
without materially lowering the tensile strength of the steel 
as a whole ; the temperature of 500° C. is also high enough 
to relieve most of the quenching stresses. 

There is appended a table in which are the results of 
some mechanical tests on a medium carbon steel suitable 
for heat-treatment. The results illustrate well the influence 
of rate of cooling on the mechanical properties of such a 
steel. The oil-quenched specimen possesses quite useful 
mechanical properties in the “ as quenched ” condition. 


THE EFECT OF COOLING RATE ON THE MECHANICAL PROPERTIES OF A 
CARION STEEL. 
Mater (ear mn Steel C. Mn. 0-70°,,. 
k Rolled or. in. diameter 
Jor f ate 
rehe r mes Elonga Reduc- Micro- 
ratur rine= «tress tion tion of Structure. 
nm in.? n 2 in. Ares 
te Approx Martensitic 
25 
Ow 249 *-7 17 15 Trooetitic, 
small ameunt 
of ferrite. 
233 ‘7-2 22 5 Fine laminated 
water pearilite, 
and ferrite. 
2-5 2 17 Pine laminated 
peartite, 


ferrite 


Fine and coarse 

sminated 

pearlite and 
ferrite 


uttace of 


chief reason for adding alloys to 


(2) Alloy Steels.—The 
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structural steels intended for heat-treatment is to obtain 
higher tensile strengths—accompanied by higher elastic 
limits (usually), higher yield ratios, and higher fatigue 
limits—whilst retaining a good balance between tensile 
strength and ductility and impact value. Wear resistance 
is largely dependent on carbon content, as in carbon steel. 
There is an almost bewildering collection of alloy steels 
from which to make a selection — far more than are needed, 
one cannot help but feel that if their number were halved 
makers and users, both, would be better served. It is, 
however, dangerous to condemn an established practice 
on general grounds alone, there are so many minor factors 
that are apt to be overlooked until their existence is made 
painfully evident after a substitute has been introduced. 

The heat-treatment of alloy steels is, in the main, simpler 
than the heat-treatment of carbon steels. Critical cooling 
rates are lower, and consequently, quenching can be less 
drastic, and the effect of mass is less marked. The gain 
from more intense hardening is accompanied by a greater 
danger of cracking. Surface defects in bars or forgings are 
always possible starting points for cracks, and they are, 
therefore, all the more important if present in alloy steel. 
Large or complicated forgings should not be allowed to go 
cold between.quenching and tempering: this practice will 
be found to reduce the danger of crack formation. When 
tempering, those ranges of temperature should be avoided 
where rapid changes in properties are known to occur, and 
accurate control of these is therefore difficult. An example 
is the tempering of chromium stainless steels in the range 
550° C. to 650°C. Similarly, dangerous ranges of tem- 
perature should be avoided as that between 250° C. and 
450° C., or that immediately below the temperature at 
which the Ac, would normally occur. 


Nickel as a Catalyst 

An attempt has been made to summarise a very large 
literature on the preparation and use of nickel, its com- 
pounds and some of its alloys as catalysts in a paper, before 
the recent general meeting of the Electrochemical Society, 
by Mr. O. B. J. Fraser. Fields touched upon in the paper are, 
in order of presentation, oil and fat hardening, hydrogen 
and the oxides of carbon, hydrogenation of hydrocarbons, 
miscellaneous organic hydrogenations, hydrocarbon 
purification by hydrogenation, removal of sulphur from 
hydrocarbon oils by hydrogenation, artificial ageing of 
distilled liquors, inorganic hydrogenations, dehydrogen- 
ation and polymerisation of organic compounds, simultane- 
ous hydrogenation and dehydrogenation, decomposition of 
carbon monoxide, carbon oxides and hydrocarbons, carbon 
monoxide and ammonia, carbon monoxide and steam, 
hydrogen from hydrocarbon gases, condensation, isomer- 
isation, esterification, hydration and dehydration, addition 
and elimination of halogens, oxidation of carbon, carbon 
monoxide and organic compounds, drying oils, oxidation 
of oils and fats, hydrogen and oxygen, oxidation of sul- 
phides, miscellaneous reactions of sulphides, oxidation of 
sulphur dioxide, ammonia oxidation, oxidation of atmos- 
pheric nitrogen, bleaching, waste water purification, ab- 
sorption, negative catalysis and inhibitors, miscellaneous 
organic reactions, miscellaneous inorganic reactions and 
electrochemical processes. 

The author also gives a brief historical foreword and a 
discussion of the types of nickel materials and amounts 
consumed for catalyst material in North America and in 
parts of Europe. The paper is concluded with a general 
discussion of the properties of nickel and nickel compounds 
that have catalytic interest. 


Monel Notes, the second number of which has been issued, 
is a welcome addition to the publications of Henry Wiggin 
and Co., Ltd. This issue contains useful information on 
ammonium sulphate plant, uses of Monel and nickel in gas 
manufacture, gas plant corrosion problems, nickel and Monel 
in flow meters, and data on the properties of Monel. Copies 
are available on application to Henry Wiggin and Co., Ltd. 
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Designers and manufacturers of 


every type of furnace for all 


industries. Special Purpose 


furnaces of every description for 


all fuels and for either continuous 


or intermittent working. If you 
have a heat treatment problem 


send for an Incandescent Engin- 


eer to solve your difficulties. 


Gas-fired refractory-roller hearth furnace y 
general heat treatment of forgin 

installed in the works of a i ritish 
The fur- 
nace is is provided with oil and water quench- 


ORNWALL ROAD, SMETHWICK, BIRMINGHA 
"Phone: SMETH "Grams: Repeat, Birmin. 
NORTHERN Wor 


ONDON OFFICE 
» Grasvetior Place, S.vv.! Werks, 


™ METALECTRIC-TAGLIAFERRI ARC FURNACES 


_For of IRON and STEEL 


The Metalectric - Tagliaferri 
furnace embodies the latest 
developments in the electric 
melting of iron and steel. 


Furnace capacity | to 50 tons 
with or without removable 
hearth, the Tagliaferri system 
of control forms part of the 
equipment in every installa- 
tion. 

120 furnaces have already been 


installed with a_ kilowatt 
capacity of 250,000. 


WRITE NOW FOR PARTICULARS. 


METALECTRIC FURNACES LIMITED 


SM ETHWIC K LONDON OFFICE : 16 GROSVENOR PLACE, S.W.1 Bl RM | N G HAM 
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HOLLOW STEEL BARS 


Made in ANY QUALITY OF STEEL according to the purpose to be 
served, in wide range of STOCK SIZES. 

Dunelt Hollow Bars are supplied with either a DRILLED or CORED 
Hole, according to the relative LENGTH and SIZE of Hole and the 
OUTSIDE DIAMETER of the Bar. The Cored Hole is produced by 
a patented method enabling the manufacture of Hollow Steel Bars in 
lengths which would be impracticable by any other process. These 
Bars, having a comparatively small hole in relation to outside diameter, 
are far superior to ordinary tubing where strength is essential. 


SPECIALITY 


Hollow Bars with non-corrodible lining, manufactured under our own 
patents since March, 1926. 


Dunelt 


ALLOY STEELS 


We would mention particularly “ Dunelt ’’ Nickel-Chromium, Nickel- 
Chromium-Molybdenum, Carbon-Chromium, Chromium-Vanadium 
and Stainless steels. 


All these steels are supplied specially heat-treated for the duties of the 
parts to be produced from them. This “treatment ’’ is an essential 
metallurgical characteristic of each “ Dunelt’’ Steel. It represents 
the difference between the bald literal expression of Steel-Alloy 
content and the steel we expect you to demand. On this basis we 
supply Dunelt Alloy Steels for the Aircraft and Motor industries and 
in such form that the customer is relieved of all anxiety regarding 
heat-treatment. 


Specify Dunelt Alloy Steels. . . . better still, permit us to recommend 
the correct Steel for your special duty. 


DUNFORD & ELLIOTT LTD 


SHEFFIELD 
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BOX TYPE 
MUFFLE FURNACES 


ELECTRIC RESISTAN 


CE FURNACE COMPANY LIMITED 


for NORMALISING and CASE-HARDENING 


used in the 
MANUFACTURE 
of 

NAPIER ENGINES 
by 


D. NAPIER & SONS LTD. 


EFCO 


17 VICTORIA ST., LONDON, S$.W.1 


ABBEY 4171 (7lines). 


ELECTRIFUR, PHONE, LONDON 
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This was good 


and in its day was recognised as the 
world’s standard potentiometer pyrometer. 
But as a result of research work involving 
an expenditure of over £30,000—— 


pyrometers in 
successful operation 
developed through 
25 years of research 
engineering and 
field experience 
.,.are at the back of 


MICROMAX 


Here is the new ““ MICROMAX”’ 
Silver Anniversary Model, 
the latest Leeds & Northrup 
recording-controlling potentio- 
meter pyrometer. The product 
of over 25 years’ specialised 
experience, it adds important 
advantages to a recorder already 
unmatched in industrial pyro- 
metry. 


Single point or multi-point (up 
to 16), with records in one or 
several colours. Automatic 
controllers for any applications. 


Write for Booklet N.33A. 


“ MICROMAX *” pyrometers are extensively used in large British factories as well as abroad. 
Their accuracy is unaffected by wear on the balancing mechanism and is checked auto- 
matically and constantly throughout the day. Consult us on all your heat-treatment 
problems. In the L & N range: “Hump "’ Vapocarb hardening and “* Homo "’ tempering 
furnaces, there is equipment that will give uniformly good results for minimum cost. 


THE INTEGRA CO. LTD. 


(INCORPORATED IN BELGIUM) 


Representatives and Manufacturing Licensees of the LEEDS & NORTHRUP Co. 


BROAD ST., WORKS: 75-79, ISLINGTON ROW, BIRMINGHAM 15 


32 
| 
| 
7 6 9 10 | | 
| 42,988 
| 
R. 19 


May, 1937. 


Steel Institute, held at the Institute of Civil 

Engineers, London, Sir H. C. H. Carpenter, F.R.S., 
who occupied the chair at the outset, announced that H.M. 
King George VI has been graciously pleased to extend his 
patronage to the Institute, an honour which the Council 
deeply appreciate. 

The report of the Council shows a welcome increase of 
membership of the Institute, which, on December 31, 
1936, was 2,243; an increase of 328 during the year, and 
the largest number yet recorded. 

The increase reflects the greater activity in the industry, 
and is also due, in some measure, to the proposals intro- 
duced during the year in accordance with which many 
companies, subscribing to the Special Subscription Fund 
of the Institute, are enabled to nominate members of 
their staffs who are qualified to join the Institute, and to 
set the amount of their entrance fees and first year’s 
subscription against the amount of the companies’ sub- 
scriptions to the Fund. 

Expressions of regret are recorded by the Council at 
the death of the Rt. Hon. Lord Invernairn of Strathnairn, 
a past-president, and of Prof. H. Le Chatelier, hon. vice- 
president, both of whom were Bessemer Gold Medallists, 
and several other members of the Institute. 

As Mr. Alfred Hutchinson, M.A., the president-elect, 
had expressed the wish to retain the presidency for not 
longer than one year, the Council have nominated the 
Rt. Hon. the Earl of Dudley, M.C., to succeed him in May, 
1938. Mr. Henry C. Bond, who has severed his connection 
with the industry, expressed his desire to retire from the 
Council, and Mr. E. J. Fox, was elected a member of the 
Council in his place. The retiring vice-presidents, Mr. C. E. 
Lloyd, Dr. W. H. Hatfield, F.R.S., and Sir William Larke, 
K.B.E., were re-elected, as also were the retiring members 
of the Council, Mr. E. J. George, Mr. J. 8. Hollings, Mr. 
W. J. Brooke, Mr. F. Clements, and Mr. J. E. James. 

In a few well-chosen words Sir H. C. H. Carpenter 
inducted Mr. Alfred Hutchinson, M.A., the newly elected 
president, into the chair. Mr. Hutchinson, he said, was 
well known to all the members of the Council, and had 
been a member of the Institute for 43 years. The new 
President responded, and expressed the hope that the 
Institute would have a successful year. A vote of thanks 
to the retiring President was proposed by Dr. W. H. 
Hatfield, which was carried with prolonged applause. 

A sincere welcome was offered to the member and 
visitors from overseas. Representatives were present from 
Belgium, France, Germany, Luxemburg, Spain, United 
States, and from Poland, which emphasised the international 
character of the Institute. 

The President particularly extended a hearty welcome 
to their friends from Germany. The members had the 
pleasantest recollections of the very successful meeting 
which had been held in Diisseldorf last September. The 
presence of Dr. Goerens was considered a particular 
compliment, as he had paid a short visit to England only 
a week ago for the International Congress for Testing 
Materials, and the members would like to congratulate 
him on his election then as president of that body. 

The President made the important announcement that 
an invitation had been received from the American Iron and 
Steel Institute and the American Institute of Mining and 
Metallurgical Engineers to hold the Autumn Meeting of 
1938 in America, and that the Council, on behalf of the 
members, had accepted that invitation. 

Another interesting announcement was that the Bessemer 
Gold Medal had been awarded to Colonel N. T. Belaiew, 
C.B., a distinguished pupil of the late Professor Tschernoff, 
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of the Military Academy, Petrograd, who, during the last 
25 years, had published a series of researches which bore 
on the crystallisation of metals and, in particular, of steel. 
A Bessemer Gold Medal was also presented to Mr. Aloyse 
Meyer, whose whole career had been devoted to the 
technical and industrial development of the iron and steel 
industry. He had started as an engineer in 1904 at the 
Hauts Fourneaux et Acieries de Dudelange, one of the first 
works in Europe, and the first in the Lorraine-Luxemburg 
district, to adopt the Thomas Gilchrist process, which 
revolutionised the manufacture of steel on the Continent. 
Both presentations were made amidst prolonged applause. 


Presidential Address 


In the course of his presidential address, Mr. Hutchinson 
referred to the first visit of the Lron and Steel Institute to 
the Middlesbrough district in 1869, when the visitors must 
have seen a fully developed wrought-iron and pig-iron 
industry in active operation. Following the discovery of 
ironstone in the Eston Hills, 17 mines had been opened-up 
and 167 blast-furnaces erected. The pig-iron so produced 
formed the raw material for the foundry trade in the 
district and in Scotland, and for the wrought-iron trade. 
The point of technical importance was that the molten 
pig-iron produced was allowed to cool on the pig-beds, so 
losing the initial heat, and was sent as cold pig-iron to 
foundries and forges, in which it had to be remitted to 
produce finished products, and the finishing operations of 
a large proportion of the pig-iron output were conducted 
in other districts. 

A very different state of affairs existed to-day, as 
members will see who visit Middlesbrough in the autumn 
of this year. The wrought-iron trade has completely 
disappeared, being replaced by steelworks, in many of 
which the molten pig-iron is converted into steel without 
the loss of its original heat, and rolled into finished steel 
products on the spot, and in some cases there are attached 
to such steelworks finishing departments in which the 
essential parts of structural steel buildings are manu- 
factured. Discoveries and inventions in all branches of 
metallurgy and engineering have effected a great change, 
which he reviewed at some length. He reminded members 
that the great improvements now manifest are the direct 
result of research, to which many great lives in the past 
had been devoted 

Under the auspices of the Institute and the Research 
Department of the Iron and Steel Federation, active 
research has been stimulated in every department of the 
trade. In such research the Cleveland district has played 
no mean part. Mention was made of Sir Isaac Lowthian 
Bell, Mr. Windsor Richards, Sir Arthur Dorman, Mr. 
Benjamin Talbot, Dr. J. E. Stead, who played a great 
part in laying the foundation of the future prosperity of 
the district. 

He concluded with a few personal references to the 
memory of his father, who, without previous experience in 
pig-iron manufacture, on taking charge of a small plant at 
Skinningrove, turned his attention at once to improving 
its method of operation in every possible way. He inspired 
his staff with the desire for progress and economy, and 
later, when buildiug steelworks, encouraged the adoption 
of the most modern plant. 


Technical Sessions 


Several papers on many complex problems were presented 
at this meeting, in which were given the results of investi- 
gations and researches. Two important reports were also 
presented : one describing the work of the Committee on 
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the Heterogeneity of Steel Ingots; and the second, the 
work of the Coke Research Committees. Extensive 
examinations of ingots have been carried out and data 
have been obtained on a number of the more fundamental 
aspects of the subject, and a very complete report is 
given of the work done and the present knowledge of 
many aspects of the subject. 

The main objectives of the Coke Research Committees 
were to devise methods of testing coke which would express 
its value in the blast-furnace ; to investigate the factors 
determining the quality of coke ; and to devise methods 
of improving the quality of coke in practice. The following 
are brief summaries of the papers and reports presented : 


Testing and Improving the Quality of Coke 


The Midland, Northern and Scottish Coke Research 
Committees form an integral part of the research organ- 
isation of the iron and steel industry, and are committees 
of the Blast-Furnace Committee of the Iron and Steel 
Industrial Research Council. The Midland Committee 
was formed in 1926 at the instance of Prof. &. V. Wheeler, 
of Sheffield University. It was formally constituted after 
a conference at which representatives of the Midland, 
Northamptonshire and Lincolnshire Iron Masters’ Associa- 
tions were present. The Committee was subsequently 
enlarged and now includes representatives of the coal, coke, 
chemical, gas, iron and steel industries. The Chairman of 
this Committee since its inception has been Mr. W. J. 
Brooke, of Scunthorpe. The Northern Committee was 
formed in 1926 under the chairmanship of the late Dr. H. 
Peile ; the present Chairman is Mr. A. H. Middleton, of 
Consett. The Scottish Committee was formed in 1928 
under the chairmanship of Mr. M. Brand, the work being 
supported by Scottish coal, iron, and steel-making interests ; 
the present Chairman is Mr. T. H. Thorneycroft. 

The Coke Research Committees carry out their work 
in laboratories housed in the University of Sheffield, 
Armstrong College, Newcastle, and the Royal Technical 
College, Glasgow, and the Report* presented at this 
meeting of the Iron and Steel Institute summarises the 
work which has been carried up to December, 1936. The 
individual problems which have been investigated have 
been classified under suitable headings and arranged as far 
as possible in a logical sequence. 

As a result of investigations the present position with 
regard to the testing of coke, the determination of quality, 
and methods ot improviag quality, are reviewed. Much 
has been done, but each coalfield presents its own individual 
problems, and this has naturally led the various Coke 
Research Committees to attack the problems in their own 
districts in various ways. In one section of the Report it 
is shown that despite the considerable increase in demand 
for coke during the past year and the increasing scarcity of 
good coking coals, there has not been the serious deterior- 
ation in the average quality of coke in the Midland area 
during this period that has been experienced in the past 
during periods of increased demand ; and this in itself is 
indicative of the value of the co-operation of makers and 
users in the work of these Committees. 

Although many problems to be dealt with vary consider- 
ably from one district to another, certain aspects of the 
work are common to all three Committees, and in order 
that these may be dealt with more effectively, the Blast- 
Furnace Committee has recently formed a Coke Co-ordin- 
ating Committee, consisting of the Chairmen, Honorary 
Directors, and Technical Officers of the three Coke Research 
Committees, with Dr. F. S. Sinnatt (Director of Fuel 
Research) as Chairman, and Mr. E. C. Evans as Technical 
Secretary. One of the first activities of this Committee was 
to consider the present Report in detail, and has already 
been of service in assisting the Committee to formulate a 
programme of research on a national! basis, which, while 
making full provision for the study of the problems of the 


**“ The Work of the Coke Research Committees of the Iron and Steel Industrial 
Research Council.” By E. C. Evans and J. M. Ridgion. Published at the Office of the 
Iron and Steel Institute, 2%, Victoria Street, London, 8.W.1. Price, 108.: Members, 5s. 
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individual producing districts, has had a full regard for 
those fundamental aspects that require consideration. This 
Report will be of service to all interested in coal carbon- 
isation—not only in directing attention to the work that 
has been done by the Committees, but also in bringing to 
the notice of scientific workers in this and other countries 
some of the problems which await solution. 


Testing Corrosion Resistance of Stainless Steel 


On stainless steels three kinds of corrosion are found— 
even corrosion over the whole surface, local attack, and 
intercrystalline corrosion. Fairly reliable corrosion testing 
methods are available for determining surface and inter- 
crystalline corrosion, but the methods generally used for 
testing the resistance of these steels to local attack, or 
pitting, are regarded as imperfect. In connection with this 
latter type of attack a new method of testing has been 
developed, and is described in this paper by Dr. Sven 
Brennert. By means of this corrosion testing method 
numerical values can be given for the resistance of stainless 
steels to the formation of pits. 

The method described consists in the determination of 
the anodic potential which can be applied to a metal 
surface without any “ break-through ” taking place. The 
potential is measured against that of a saturated calomel 
electrode. The author discusses the practicability and the 
defects of the method, and the “ break-through ”’ potentials 
for some stainless steels are given. 


The Resistance of Metals to Corrosion-fatigue 


The experiments described in this paper by Dr. H. J. 
Gough, M.B.E., and Mr. D. G. Sopwith, B.Sec., form part 
of a related series designed to afford information on certain 
general aspects of corrosion-fatigue which had hitherto 
escaped attention. 

To attain the dual objective of obtaining data of direct 
value in aircraft design, as well as an understanding of the 
general characteristics of corrosion-fatigue, the materials 
chosen cover a range commonly used in aircraft con- 
struction. Much experimental attention has been devoted 
to corrosion-fatigue phenomena by many investigators in 
many parts of the world, but with the exception of a few 
tests, in which cycles of reversed torsional stresses were 
employed, reversed flexural stresses have almost entirely 
occupied attention. Further, the fatigue resistance in air 
is commonly used as the standard of comparison, although 
much evidence existed indicating that fatigue tests made 
in the atmosphere did not necessarily give the optimum 
resistance to cyclic stresses. 

Six materials have been tested: 0-5 carbon steel 
(cold-drawn streamline wire), three ‘“‘ non-corroding ” 
steels of various compositions, duralumin, also a mag- 
nesium alloy containing 2}°%, of aluminium. The fatigue 
resistance of each material has been determined both in 
air and wher subjected to an air-borne salt spray, under 
two types of cycles of direct stresses : (a) repeated tensile 
stresses (varying from 0 to a maximum tensile stress), and 
(b) fluctuating tensile stresses having a fairly high mean 
stress value. The resistance of these materials to cycles of 
reversed direct stresses, both in air and in salt spray, have 
previously been determined and recorded." 

The results show that, as in air, the fatigue resistance 
of a material in a corrosive environment is considerably 
influenced by the mean stress of the applied cycle. As in 
the case of reversed stresses, no corrosion-fatigue limit was 
indicated for any of the materials. If the range for any 
given endurance is plotted against the mean stress, the 
form of the curve obtained is in general similar to that 
obtained in air, using the fatigue limit in place of the endur- 
ance range. 


* Gough, “ Corrosion-Fatigue of Metals," Jour. Inst, Metais, 1932. No. 2, p. 17. 
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The Allotropy of Iron 


The transformations of iron are the subject of an 
extensive literature, yet very little has been written, up 
to the present, on the mechanism whereby such trans- 
formations are effected. In this paper by Hans Esser the 
results of investigations on various types of iron show that 
the A, transformation temperature rises as the purity of 
the material is increased ; simultaneously, the intensity of 
transformation decreases. Hydrogen causes the A, point to 
be “‘ doubled ” ; on removal of the hydrogen by annealing 
at high temperatures in vacuo this effect disappears again. 
The experiments show that, with the means at present 
available, it is not possible to increase the degree of purity 
of iron to such an extent that the allotropic transformations 
disappear. On the other hand, the research on the influence 
of the degree of purity on the limiting concentration of the 
closed y field in the Fe-W, Fe—Cr and Fe-Si systems indicates 
that with absolutely pure iron the a= y transformation 
does not occur. 

With regard to the true structure of iron, which, like that 
of other materials, is probably of a mosaic-like character, 
it is assumed that the impurities (Fe,C, Fe,N, Fe,H) are 
embedded in the boundaries or interstices of the crystalline 
* blocks,”’ and thus cause the tetragonal expansion of the 
a lattice with the axial ratio c/a = 1-0 into the y lattice 
with the axial ratio c/a = 1-41. Iron, therefore, possesses 
not true but imposed allotropy. 


The Influence of Silicon, Phosphorus and Manganese 
on Nitrogen-Hardening Cast Iron 


The experimental work described in this paper by 
Mr. J. E. Hurst was undertaken with the object of ascertain- 
ing the effect of the elements silicon, phosphorus and 
manganese, within certain percentage ranges, on the 
susceptibility tonitrogen-hardening of aluminium-chromium 
alloy cast irons of a type now known as Nitricastiron. 

Within the ranges of chemical composition examined, 
the results of these experiments show that a variation in 
the silicon content has no effect upon the degree of surface 
hardness obtained during nitrogen-hardening. The amount 
of silicon present does appear to have an influence upon 
the depth of penetration, the higher the silicon content, 
the lower being the depth of penetration. The experimental 
results demonstrate also that the effect of chromium is in 
the direction of ensuring greater depth of penetration, 
rather than affecting the degree of the surface hardness. 

In the case of phosphorus, results show that with this 
element in excess of 0-20°, a reduction in surface hardness 
is obtained, but the total depth of penetration of the 
hardening effect is not altered. Manganese appears to be 
without effect upon either the hardness or the total depth 
of penetration. 

Nitrogen-hardening at the three temperatures of 500°, 
530° and 600° C. was examined in the case of the silicon 
series of specimens. It is of interest to note that the 
temperature of 550°C. was accompanied by the highest 
and most uniform hardness results, and the depth of 
penetration increased with an increase in the hardening 
temperature. In a like manner the magnitude of the 
growth increased with increasing hardening temperature, 
and the somewhat remarkable result was obtained that 
this growth appears te be independent of the depth of 
penetration, and also to be unaffected by the silicon and 
chromium contents. The growth at 600° C. was of a visibly 
substantial order, and was accompanied by swelling and 
cracking at the corners and edges of the specimens. The case 
obtained at this temperature was extremely brittle and 
friable, and it is possible that the low surface hardness 
values are in a large measure to be ascribed to this brittle 
and friable condition. 

The structural characteristics of the specimens examined 
have been recorded, and are those obtained after submitting 
the specimens to a uniform annealing treatment. It is 
recognised that the structural characteristics of cast iron 
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suitable for nitrogen-hardening are of importance, but 
further investigation of the effect of other heat-treatments 
upon the structure and the nitrogen-hardening properties 
has not yet been completed. 


The §, Transformation in Manganese-Rich Iron- 
Manganese Alloys 


The investigations described in this note by Dr. Marie 
L. V. Gayler and Mr. C. Wainwright, M.Sc., is a con- 
tinuation of the systematic research on alloys of iron at 
the National Physical Laboratory, under the auspices of 
the Alloys of Iron Research Committee, eleven sections on 
which have previously been published. 

This investigation was undertaken in order to explain 
discrepancies between the results of Ohman, of Walters 
and Wells, and those previously published by the present 
authors. X-ray examination of two iron-manganese alloys, 
containing 71°, and 74% of manganese, previously annealed 
at 573° C., and consisting of a, only, were heat-treated at 
successively higher temperatures, quenched and then sub- 
mitted to X-ray analysis. The results obtained were in 
agreement with those of Walters and Wells. On the other 
hand, X-ray analysis of the specimens annealed at 750° C., 
slowly cooled to and quenched from lower temperatures, 
confirmed the present authors’ previous results. It is 
shown, therefore, that manganese-rich iron-manganese 
alloys consisting of the 8, phase may exist in a metastable 
state at temperatures below that at which the a,—f, trans- 
formation takes place on heating, and that the upper limit 
is that found by Walters and Wells, and the lower that 
obtained by the present authors. 

It is noted that a similar hysteresis loop occurs at the 
iron end of the iron-manganese diagram. 


Effect of Phosphorus on the Mechanical and Cor- 
rosion-resisting Properties of Low-carbon and of 
Low-alloy Structural Steels 


The properties in the normalised and annealed conditions 
of a large variety of carbon and low-alloy steels with low- 
and high-phosphorus contents have been determined, and 
are reviewed by Mr. J. A. Jones, M.Sc., with the object of 
assessing the relative values of different compositions in 
meeting the requirements of the British Standard Speci- 
fication for high-tensile structural steels (37—43 tons per 
sq. in.), and in conferring other characteristics which are 
desirabie in steel for structural purposes. 

The results confirm the generally accepted conclusion 
that the carbon content must be kept low in high- 
phosphorus steels, and that the addition of phosphorus 
alone to a low-carbon steel will not produce the adequate 
tensile strength in association with other properties 
necessary in structural steels—e.g., absence so far as possible 
of notch-brittleness, low-temperature brittleness, strain- 
age-embrittlement and air-hardening tendency, together 
with improved resistance to corrosion. The tensile strength 
of a low-carbon steel cannot be raised above 34 tons per 
sq. in. by the addition of phosphorus without marked 
deterioration of the notched-bar impact value. 

In the presence of other alloy elements phosphorus 
behaves in precisely the same manner as in plain carbon 
steels, but the phosphorus content at which undesirable 
properties appear may be raised. In this respect chromium 
exerts the most marked influence. For other reasons, the 
presence of copper is advantageous. 

With the restriction on the carbon content imposed by 
high phosphorus contents, the alloy content must be 
higher than would otherwise be necessary, and in order to 
obtain tensile strengths of over 35 tons per sq. in., a high- 
silicon content (the hardening effect of which does not 
depend on its association with carbon) must also be present. 
In such a steel containing 0-15°, of phosphorus, a satis- 
factory notched-bar impact figure is not retained when the 
tensile strength reaches 37 tons per sq. in. The application 
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of high-phosphorus steel must, therefore, remain strictly 
limited to purposes for which the highest tensile properties 
are not required, and in this limited field for lower-tensile 
material its use may be regarded as permissible rather than 
preferable. The limitations are avoided by the use of a 
normal phosphorus content. The carbon content is then no 
longer so restricted, and by comparatively low alloy 
additions a tensile strength of 37 tons per sq. in. may 
easily be obtained without introducing any risk of the 
disadvantages which may accompany the presence of a high- 
phosphorus content. 

No evidence has so far been found to indicate that a 
high-phosphorus content confers on the steel any useful 
increase in resistance to corrosion. Such effects as were 
observed in high-phosphorus steels were accounted for by 
the simultaneous presence of alloy elements. 


The Iron-Carbon Constitutional Diagram 


This preliminary investigation, reported by Dr. Frank 
Adcock, was restricted to the high-temperature thermal 
analysis of 24 alloys, with carbon contents ranging from 
0-003°%, to 1-01%. This work is to be supplemented by a 
further investigation at a later date, and the results given 
in this paper are regarded as tentative. Although there are 
definite limitations associated with the method of thermal 
analysis, it appears unlikely that the shapes of the phase- 
fields of the constitutional diagram, as determined by this 
means, will require serious modification in this instance. 

The alloys were prepared from high-purity materials. 
A valve-energised, high-frequency furnace was used for 
the experiments, the alloys being prepared and maintained 
under high-vacuum conditions. As a result of this investi- 
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Effect of Protective Coatings on the Corrosion- 
Fatigue Resistance of Steel 

This paper, by Mr. D. G. Sopwith, B.Sc., and Dr. H. J. 
Gough, M.B.E., describes the results of an investigation 
of the protective effect of various types of coating on the 
resistance of 0-5°% carbon cold-drawn steel, as used for 
streamline wires of aircraft, when subjected to alternating 
stresses in the presence of a spray of salt water. The 
investigation forms part of the joint programme of research 
on corrosion-fatigue, which has been in progress during the 
last few years at the National Physical Laboratory and the 
Royal Aircraft Establishment. 

The material used for these tests was } in. diameter steel 
wire to British Standard Aircraft Specification 5W 3 
(Streamline Wire Steel). The specified and actual com- 
positions and tensile strengths of the material used were 
as follows : 


Composition. 8.8. 50 3. Actual, 
% O-5-0-6 0-50 
Not more than 0-3 | 
ese Not more than 0-05 | 
63 - 3-66 -6 


Tensile strength ‘Tons /sq. in. 52-62 


The material had therefore a somewhat high-tensile 
strength. It was supplied by the R.A.E., Farnborough, in 
the form of straight bars, 10 ft. in length, cut from a coil 
and straightened. 

The material (except in the case of the aluminium- 
coated specimens) was tested in both the cold-rolled 
condition (as specified) and after normalising, the specimens 
being cut to length and cooled in air from 850° C. after 


gation a portion of the iron-carbon constitutional diagram, aig ———_ S 
falling within the composition limits of 0-003% to 1-01% oF HH 
of carbon and an approximate temperature range of i 7 
1,550° to 1,300° C. is defined. This region of the diagram 2 Sas 
includes the 8-phase field and the duplex-phase fields 18 Yy™ c 
associated with the peritectic horizontal, which is found to IN 
intersect the liquid curve at a composition corresponding ¢/5 PS S45 
-5]° > co SSS 
with 0-51°% of carbon. AN ~ 
T T T T T T T \ 
= 
S000 RL, 
° . 5/9 
2 3 9 \ \ 
y/7 000 ; \ Uncoated materia! in air. 
7 
\ 
2 “Se \ 
6} 
>/6 000 7 
\ 
Thermal Arrests : \ 
Rising Temperature & 
Falling Temperature ¥ 4 
Carbon. % N, Endurance 
The Iron-carbon diagram. Fig. 1.—Summary of corrosion fatigue S/N diagrams. 


The part of the iron-carbon constitutional diagram 
defined is reproduced in the accompanying figure. The 
general disposition of the phase-fields is similar to that 
postulated by previous authors, but the shape and extent 
of the fields have been modified. 

The 8 phase is not formed in alloys richer in carbon 
than that corresponding in the diagram with the point of 
intersection of the peritectic horizontal and the liquidus. 
This limit, which in the author’s diagram is placed at 
0-51%, of carbon, is of special interest, since the y phase 
separates directly from the liquid during the freezing of 
an alloy containing a higher amount of carbon. 


20 mins. soaking ; the heat-treatment was carried out at 
the R.A.E., Farnborough. 
The fatigue resistance, under reversed bending stresses 
in air and in salt spray, of streamline wire steel have been 
determined, using the material in both the as-drawn and 
normalised conditions uncoated and with the following 
types of coating : 
(1) Zine, applied by (a) galvanising, (6) sherardising, 
(c) electrodeposition. 

(2) Electrodeposited Cadmium, (a) alone and with suppie- 
mentary coatings of (b) enamel and of (c) boiled 
linseed oil. 
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(3) Sprayed Aluminium (a) with enamel and (6) without high phosphorus, in combination with copper, may produce TiS, 
enamel. steels having good mechanical properties and a corrosion - 
(4) ee plus enamel. resistance somewhat greater than that of ordinary copper- 
(5) Enamel only. bearing steel. The investigators who have dealt with this 
The results of the fatigue tests are summarised in Table _ influence on the corrosion resistance have all suggested that 
XIV, in which are given the fatigue limits in air and the the beneficial effect is due to a development or increase 
endurance limits in salt spray at 1, 10 and 20 million cycles. of the protective quality of the rust layer which forms on 
The latter are obtained from a series of curves, which, for the steel. 
the purpose of easier comparison, are plotted on one Six steels, all commercial products in sheet form, have 
diagram which is reproduced in Fig. 1. ; been examined. Their composition, grain size and hardness 
The main results indicate that the corrosion-fatigue values are shown in Table I. The two materials with high- 
resistance of streamline wire steel in salt spray may be phosphorus contents have a remarkably coarse “inherent” 
increased by the application of galvanising, sherardising, grain size, which would normally suggest a relatively low- ya 
or aluminium-spraying plus enamelling to such an extent impact resistance. Erichsen test results, however, indicate a 
that the endurance limit at 20 million cycles is little, if at TABLE I. 
all, inferior to the fatigue limit of the uncoated material in DETAILS OF THE STEELS TESTED. 
air. Aluminium-spraying alone, also cadmium-plating, ~~~) 
hilat AJQ. AJW. 
whilst not so good as the above, reduce the decrease in | American| AJR | British | Agx. Agu AJV 
fatigue resistance to about 20% in place of about 80% Copper. | American Oops. British British British 
|Chromium,| Copper- |Chromium,| Copper- | Steel of Steel of 
when uncoated. The results with cadmium-plating are not | | 
improved by the addition of organic coatings (enamel or 
boiled linseed oil), the effect of which may indeed be 
Carbon ..... %| 0-12 0-25 0-040 0-15 0-09 0-06 
j Silicon ...... %| 0-86 0-19 0-94 0-07 0-05 Trace 
coating of enamel produces a considerable improve- 0-27 0-24 0-65 0-48 
ment in the corrosion-fatigue resistance, but not to an extent ao %| 0 = i 0-42 0-31 0-22 0-09 
Chromium ..%| 1-15 Trace 0-80 0-65 T Trace 
comparable with the metallic coatings. Phosphate treat- 0-025 | | 0-016 | 0-028 | | 
i i i Phosphorus. . °, 0-163 0-020 0-173 0-040 0-016 O17 
ment before enamelling produces little further improvement. 0-002 | 0-003 | | | 
Zinc-plating and aluminium-spraying do not decrease the 
fatigue resistance of the steel in air ; galvanising, sherardis- ‘sheet .... 0-072 | 0-072 | 0-04 | 0-035 | | 0-065 
ing and cadmium-plating give slight decreases, not exeged> 
ing 10% at most. Inherent®...) >1 | 4-5 2k 3 
No indication is given, at any rate up to 20 million ¢ycles, | 
of the existence of any corrosion-fatigue limit, the log Vickers Hart | Di 
S/log N curves becoming straight after from less than 1 to As 171 193 151 137 
10 million cycles. The slope of the straight portion of the “aot. | | ee 
curve gives a good indication of the corrosion-fatigue | | 
limit bei l ff b he initial fati * No. 1-5 coarse, 5-8 fine, in McQuaid-Ehn test, 
imit being also affected by the initial fatigue strength. + Some isolated areas with grains > 1, 
TABLE XIV. 
SUMMARY OF THE RESULTS OF FATIGUE TESTS. N 
| As-Drawn. Normalised. 
| Fatigue Limit | | Fatigue Limit | 
. ‘ } in Air. Endurance Limits in Salt Spray. in Air, Endurance Limits in Salt Spray. 
Type of Coating. = 
2x 10, | | | 20, 2x10 | 
| ‘Tons per Cycles. Cycles. | Cycles. | 2 x 1, | Tons per | | Cycles. | Cycles. Cycles. | 2 x W, 
Sq. In. %. Tons per | Tons per | Tons per | Cycles. | Sq. In. % Tons per | Tons per | Tons per | Cycles, 
| | 8&q. In. Sq. In. | Sq. In. %. | | Sq. In. | Sq. In. Sq. In. | %. 
24-5 | 100 |10-0 (2x108) 35 | 16-4 100 |10-3 (2 wal 64 | 40 | 2 
22-8 | 93 20- 12-5 10-8 44 17-2 | 105 15-0 1265 11-2 | 68 
Galvanising (G) 24-7 | 101 | 24-8 23-6 23-2 | 9% 14-8 | 90 176 | «616-8 | 16-6 
Sherardising (8) 22-8 93 | 26-2 24-8 24-5 wo | 80 16-9 15-5 | 15-2 | 93 
Zine-plating (Z) 24-4 100 | 24-0 22-0 21-4 87 16-2 60 | 14-7 | 
Cadmium-plating (C) 22-8 93 23-0 19-8 i Bt | @ 17-4 (148 13-7 | 84 
+enamel (CE) ..| 23-2 9 | 25-0 19-1 17-7 72 «(15-8 (986 
+ oil (CO) ...... 21-8 89 | 22-3 16-4 15-0 61 | 15-8 | 82 
Phosphate treatment + enamel (PE) 22-8 93 21-2 12-5 10-7 44 17°8 108 17-3 | 13-8 12-9 | 79 — 
Aluminium spray (A) 55-8 | 105 23-6 20-4 19-5 | 80 | res | | = 
+enamel (AE) ..| 26-2 | 103 26-0 24-6 “2 | | - 


Properties of Commercial Steel Sheets containing 
Copper, Manganese, Chromium and Phosphorus 


An objection to the use of thinner sections of higher- 
strength steel to obtain weight reduction is that unless the 
corrosion resistance increases pari passu with the mechanical 
properties, maintenance and replacement costs may be 
increased. 

Sir Harold Hartley, Vice-President and Director of 
Research of the London, Midland and Scottish Railway, 
during a recent visit to the United States of America, was 
impressed by the attempts being made to deal with this 
problem by the use of a steel containing small additions of 
copper, chromium, phosphorus and silicon. The investi- 
gation described in this paper by Mr. S. C. Britton, M.A., 
was therefore undertaken in order to assess the superiority 
of such a steel over related alloy steels, and over steels in 
ordinary use on the L.M.S. Railway. 

Reference is made to the results of previous investigations 
in England, Germany and America which indicate that 


no shortage of ductility. Specimens AJQ, AJR and AJV 
undergo a notable decrease of hardness on heating, which 
indicates that they are slightly strain-hardened, due to 
rolling. 

Eight specimen samples of each of the six steels as 
received were cleaned by grinding and finishing. All 
specimens were exposed to the atmosphere on the laboratory 
roof at Derby. At intervals a representative specimen of 
each steel was removed and examined, and the loss of 
weight determined after derusting. These corrosion tests 
showed, after 300 days, reductions in the rate of corrosion 
over that of a steel of ordinary quality, containing 0-09°%, 
copper, of 30% to 32% for additions of chromium, copper, 
phosphorus and silicon, 19% to 27% for additions of copper 
and chromium, and 12% to 14% for additions of copper 
with or without manganese. When the steels are painted 
there is little difference in the time taken for rust to appear, 
but the high-phosphorus steels appear to advantage after 
rusting has made some progress. 
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The small number of steels examined, and the considerable 
differences in analysis between them, make it rash to use 
these tests to single out any one element as beneficial or 
prejudicial to corrosion resistance, It is noted, however, 
that the general trend of the results accords with the 
published work, referred to by the author, on the beneficial 
effect of additions of copper and its enhancement by a high- 
phosphorus content. 

Sheets having additions of copper with chromium, 
manganese or chromium, silicon and phosphorus all had 
good mechanical properties, the ductility of the steels with 
high contents of silicon and phosphorus being equal to that 
of the others. All showed a slight reduction in ductility, 
and an increase in hardness on ageing after strain, but in 
no case was this sufficiently marked to affect the practical 
usefulness. The greatest tensile strength was associated 
with the manganese addition, but considering both the 
mechanical properties and corrosion resistance, steels with 
additions of copper, chromium, phosphorus and silicon 
together seemed to be the most promising of the types 
tested. 

Cupping tests seemed to be the most satisfactory method 
of following the course of ageing effects in sheet, although 
tensile test measurements gave corroboratory evidence. 
An attempt to produce the necessary strain with the 
Erichsen machine was reasonably successful, and thus the 
whole of the mechanical part of the test can be carried 
through with it if desired. 


The Thickness of Oxide Films on Iron 


As a result of an investigation, described in this paper 
by Dr. H. A. Miley, M.A., new values have been obtained 
for the thickness of the oxide films responsible for the 
interference colours on iron by measuring the millicoulombs 
of electric current needed for their cathodic reduction. 
The apparent discrepancy between the gravimetric and 
optical results in the past has been explained as being due 
to the invisible oxide carried by the specimen at the time 
of the first weighing. The values obtained also agree well 
with chemical estimations of the thickness of the homo- 
geneous films after removing them from the metallic basis. 
Thus, four methods have been brought into satisfactory 
agreement, and their differences explained by the tact 
that the different methods do not measure the same things. 

Having ascertained the accuracy of the new method by 
comparison with others, it has been used to measure the 
rate of oxygen uptake at ordinary temperatures, and the 
results point to a rapid rate of exidation for a short time 
(influenced by temperature changes, effective area, and 
cracking of the film resulting from abrasion or other treat- 
ment), followed by a relatively slow rate of oxidation. 

Vernon’s observation' that no bright colours appeared 
on iron below 200° C.—even when the amount of oxidation 
was sufficient to have caused colours at higher temperature 
—was confirmed. The author believes that the oxide formed 
below 200° C. is y-Fe,O, (cubic structure), and the oxide 
formed above 200°C. is a-Fe,O, (hexagonal structure) ; 
if the y-Fe,O, is in optical continuity with the iron basis 
(cubic structure), it will afford no adequate lower reflecting 
surface, whereas, if the a-Fe,O, is crystallographically 
discontinuous with the basis it will provide the conditions 
necessary for interference. 


Roofing Sheets of Copper Steels and other Materials 

A brief account is given in this paper by Sir Robert 
Hadfield and Mr. 8. A. Main, B.Sc., of a series of practical 
trials of roofing sheets of special steels, conducted at the 
East Hecla Works of Messrs. Hadfield’s, Ltd. The build- 
ings at these works are mostly protected by steel roofing 
sheets, the average quantity of sheets required during the 
years 1920 to 1935 amounted to 84 tons per annum ; the 
maximum in any one year was 145 tons. 


Trensactions of the Faraday Society, 1935, Vol, 31, p. 1674. 
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The trials concern galvanised sheets, both painted and 
unpainted, of the following materials : 


TABLE I. 
COMPOSITIONS OF THE MATERIALS. 


Mark. | Type. | c. Si. 8. | P. Mn. Cu. 
| Copper-bearing steel | | 
S551 | 0-05 | 0-06 0-027 | 0-041 | 0-52 0-35 
5553 | American ..............- 0-13 | 0-02 | 0-034 | 6-062 | 0-55 | 0-22 
2339 | Ingot iron ..............-- 0-03 | 0-03 | 0-016 | 0-005 | 0-02 |<0-01 
5554 | Ordinary roofing sheets ....| 0-07 0-022 


0-03 | v-022 0-051 0-33 


The results of the trials as regards the corrosion of these 
steels, after a period of exposure of 9} years to date, show 
that only the unpainted sheets have given useful inform- 
ation so far. Copper-bearing steel is proving definitely 
superior to ordinary steel, but its merits did not appear 
until the galvanised coating had weathered off. The ingot 
iron tried has proved definitely inferior to ordinary steel. 
The relative life periods of the different materials will only 
be ascertainable after further exposure. Four locations ot 
varying severity as regards corrosion give consistent 
information. Steel containing both copper (0-42°%,) and 
molybdenum (0-10°,) is included in a further series of 
trials not yet sufficiently advanced for report. 

The paper concludes with a commentary on the useful- 
ness of practical trials of this nature, and the conditions 
necessary for their successful conduct. 


Alloy and Fine-Grained Steels for Locomotive 
Coupling Rods 


Locomotive coupling and connecting rods are subject 
to buckling stresses from the piston, and to inertia effects* 
when running at high speed. Slipping of the driving wheels 
imparts sudden dynamic stresses to coupling rods, and 
fatigue effects also arise. This paper, by Dr. Hugh O'Neill, 
M.Met., is not concerned with design, but engineers would 
probably agree that materials of high tenacity, combined 
with high resistance to fatigue, bending and shock are 
required. As regards the last point, the author assumes 
that a high Izod notched-bar value indicates good toughness 
properties and resistance to the propagation of incipient 
cracks. 

The weight reduction of coupling rods has most satis- 
factorily been obtained by the employment of alloy steels, 
and the author discusses the mechanical properties of heat- 
treated nickel-chromium-molybdenum and manganese- 
molybdenum steels, the compositions of which are given in 
Table I. Certain unusual features infrequently observed 
in manganese-molybdenum steels are described. 


TABLE I. 
7 TRSTS IN OLL-QUENCHED AND TEMPERED CONDITION. 
| 
Ni-Cr Steel. Ni-Cr-Mo Steel.' Mn-—Mo Steel. 
Specitication| Ex- Block | Rod | Example,) Specifica- 
B.S. 38 11. | ample. F. Rod 12. | tiow X. 
1 2 | 3 ‘ 5 | 6 
-| = | 
%| 0-25-0-35 | 0-33 | 0-30 | 0-27 0-25 | 0-25 
%| 0-30 max.) 0-21 | | | | 
Manganese ............ %| 0-45-0-70 | 0-60 | 0-58 | 0-49 | 1-56 | 1-60 
% 3-38-75 3-4 | 2-43 | 2-53 | (0-08) | 
O-5-1-0 | O-G | | 0-77 | (Trace) 
Molybdenum ‘o| 0-65 max.®) | 0-68 | 0-34 0-30 | 
- | 0-033 ' 0-006) O-O12 10-04 max. 
Phosphorus. ........... %| 0-05 ,, — | 0-030 | 0-011 | 0-034 [0-04 
| 
Yield point .. Tons aq. in. — | (Spee.)| 45-0 32-0 | 
Yield ratio............ 77 | 74 
Max, stress .. Tons ‘sq. in. | 66-5) 41-5 | 40 min, 
Elongation on Zin. ....%) min. | 18 25 | 27 2 
Reduct.on of area ...... w G3 | 
Izod value ........ Ft./b.| 40 ,, | w | 93 60 min. 
Brinell number .......... 241-293 | | 336 | 


* Optional. 

One of these features is banding, and another concerns 
variable values for the Izod impact tests. The view is 
expressed that, owing to local heterogeneity on perhaps 
only a microscopic scale, some portions of the steel enter 
the A, transformation interval during tempering, which 
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has been conducted at a nominally correct temperature. 
The result is to produce transformed structures giving 
impaired Izod values in the affected localities. 

Manganese-molybdenum steels of controlled inherent 
fine-grain size have furnished uniformly satisfactory results. 
Particulars are given of plain carbon steels of inherent fine- 
grain size, which yield practically the same mechanical 
test values as low-alloy steels, and are giving satisfactory 
performance both during manufacture and in service as 
coupling rods. Their Izod notched-bar values are notably 
high. 

Laboratory investigations of forgings from two commer- 
cial casts of fine- and coarse-grained plain carbon steel of a 
given composition suitable for coupling rods are described. 
The McQuaid-Ehn carburising test has been compared 
experimentally with various other methods of inherent 
grain-size determination. It was found to be satisfactory 
for differentiating these two casts of steel, though strain- 
hardened samples should be avoided. Methods involving 
a range of temperature are, however, perhaps more useful 
in general. A temperature-gradient chlorine-etching test 
has been developed for this purpose, which is rapid and 
suitable for laboratory purposes. 

As regards depth of carburising and decarburising, flame- 
cutting, machining and cold-working properties, no 
important differences were observed between these fine- 
and coarse-grained qualities. The hardness gradients in 
oil-quenched blocks were similar. The coarse-grained steel 
hardened more intensely and more deeply on water- 
quenching, however, and was slightly harder after oil 
treatment. 
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The coarsening induced in both types of steel at 1,000° C. 
is removed by subsequent heat-treatment ; but in one test, 
made after soaking at 1,230° C. for 4 hrs., the fine-grained 
steel was not fully restored to its normal Izod value. Very 
high-process temperatures of this order should therefore 
be avoided if very high Izod values are finally desired. 

Actual physical grain size per se is not considered to be 
the prime cause of the great differences in Izod value 
observed in the two types of steel. 


Morphology of the Inclusions in Siderurgigal 
Products 


In Parts I and II’ of the investigation on the above 
subject, Prof. A. M. Portevin and M. René Castro described 
the morphological aspect of inclusions in iron and ordinary 
steels, in the presence of manganese, silicon and aluminium 
on the one hand, and of sulphur and oxygen on the other. 
Part III? related to inclusions met with in industrial steels 
and alloys containing chromium in addition to the elements 
mentioned above. The present paper incorporates Parts 
IV and V, the former describes and illustrates the inclusions 
characteristic of the presence of titanium, zirconium, and 
vanadium, while the last part of the research, Part V, 
illustrates the classic types of inclusions containing these 
elements, besides describing other types which are less 
known but nevertheless typical. 


1 Part I, Introduction; Part II, Iron, Steels and. Alloys not containing Special 
Elements. Journal of the Iron and Steel Institute, 1935, No. I1, pp. 237-274. 

2 Part III, Chromium Alloys and Chromium Steels. Journal of the Iron and Steel 
Institute, 1936, No. IT, pp. 213P-2%9P. 


The Heterogeneity of Steel Ingots 


The Seventh Report by a Joint Committee of the Iron and 
Steel Institute, and the British Iron and Steel Industrial 
Research Council. 


ORK on the heterogeneity of steel ingots by this 

Joint Committee has now been in progress over 

eleven years, and several reports have been 
published. The work of the Committee is still continuing, 
and further work in this, the Seventh Report, was presented 
at the meeting to enable certain aspects of the subject to 
receive the consideration of the members of the Institute 
for the purpose of constructive discussion, 

The Report is given in seven sections, the first of which 
reviews the work already done, the object being to assist 
in directing thought, and perhaps experiment, to certain 
outstanding difficulties which as yet remain to be dealt 
with betore an adequate picture can be obtained of the 
mechanism of the freezing of killed steel into the form of 
the crystal aggregate which constitute the ultimate ingot. 
It is prepared to focus anew the nature of the complex 
of problems still awaiting solution. 

The Committee have carried out extensive examination 
of ingots, and are now in a stronger position when consider- 
ing the problem of heterogeneity. This is largely because 
the form of the internal structure, typical of each com- 
mercial type of ingot, has been determined, and data 
have been obtained on a number of the more fundamental 
aspects of the subject. The work published in earlier 
reports is briefly reviewed, and attention directed to the 
more-important pictures. New work is discussed in the 
remaining sections of this Report, to which cnly brief 
reference can be made here. 


Rimming Steel 


The results of a very valuable research, conducted by 
Dr. T. Swinden on a basic Bessemer rimming steel ingot, is 
presented in Section II. Consideration of the theories 
underlying the phenomenon of rimming indicates the 
desirability of more precise information concerning the 
variation in composition from the outside to the centre 


of the ingot of rimming steel, not only in order to study 
the characteristics of the material, but as a basis for a 
hypothesis in explanation of the rimming phenomenon. 
With the object of providing these data, a detailed examin- 
ation has been made of (a) a billet of open-hearth rimming 
steel, containing 0-16 carbon, and (6) an ingot of basic 
Bessemer steel, details of which are given in the Sixth 
Report. 

The results of the latter are particularly interesting. 
They show that as regards carbon, sulphur and phosphorus, 
there is a definite fall as one traverses from the outside of 
the ingot through the rim. At the junction of the rim and 
the core there is a sudden rise to a peak, which is well 
above the average composition of the steel, following 
which there is a flattened curve with a secondary peak. 
In the case of manganese there is a small but definite 
reduction in the content through the rim, followed by a 
rise at the junction of the rim and the core, beyond which 
the manganese content is fairly constant. 

The distribution of the elements has been determined in 
a meticulous manner not previously attempted, and the 
results, while implementing and extending knowledge of 
rimming steel, have also a much wider bearing on the 
general subject of heterogeneity. For instance, it is now 
definitely experimentally established that manganese and 
sulphur do not segregate together. Attention is particularly 
directed to Fig. 4, in the compositions are correlated with 
the sulphur print. 

It is the author’s intention to carry this investigation 
further by examining the oxygen values as thoroughly as 
methods of determination will permit, though a similar 
zone of the data presented are included ; but it is desirable 
to await the oxygen values as thoroughly as methods of 
determination will permit, through a similar zone of the 
same ingot. Some observations on the theory in explanation 
of the data presented are included, but it is desirable to 
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areas rich in manganese sulphide, a feature 
which has hitherto remained unexplained. 
In the second contribution in this Section, 


| 
Wear’ of Somme grommes 
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Dr. T. Raine, B.Met., and Mr. J. B. Vickers, 
M.Met., under the direction of Professor 


= 
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Dr. J. H. Andrew, give the results of the 
determination, by both the alcoholic iodine 
extraction method and the vacuum fusion 


———"| method, of the oxygen content in the 


various samples studied by Mr. Whiteley. 


This paper is particularly interesting, as 


te | 
| 


being the first contribution containing 


oxygen determinations in accordance with 
the approved procedures agreed as a result 
of the collaboration with the Oxygen Sub- 


stoos 


oo Suiprur 


Committee, whose report is given in the 
next Section. 


Determination of Oxygen in Steel 


i wea In Section IV of this Report of the 


parent Committee is given the first report 


of the Oxygen Sub-Committee. As far 
back as 1932 the non-metallic inclusion con- 
tent of ingot samples had been quantita- 
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Fig.'.4—Variation of carbon, manganese, sulphur and phosphorus in a rimming 


steel ingot. Scale } full size. 


await the oxygen data before the hypothesis outlined can 
be regarded as other than tentative. 


Non-metallic Inclusions 

An interesting treatment of the non-metallic inclusion 
content of an electric-arc-furnace cast of steel is given in 
Section III. The examination concerned the inclusion con- 
tents of a series of bath samples from an 8-ton experimental 
cast of 0-55°, carbon steel. 

In the first contribution in this Section, Mr. J. H 
Whiteley, F.1.C., deals with the nature and characteristics 
of the inclusions and the sulphides in this cast. Samples 
were taken from the furnace for the purpose of determining 
the oxygen content of the bath under the changing condi- 
tions of working. Most of the metal samples were in 
duplicate, one being allowed to set undisturbed, and the 
other being killed in the spoon with aluminium. Details 
of the charge history and analyses of both slag and metal 
samples are presented. 

The author describes a preliminary investigation in which 
a thorough examination of the non-metallic inclusion was 
made. In the unkilled series four types could be dis- 
tinguished—viz., sulphides, silica and silicates, opide and 
slag. Methods used for identification are given. By means 
of a counting method the gradual increase of oxygen in 
the metal as the boil proceeded, and its subsequent steady 
removal in the refining period, are demonstrated. In the 
killed samples the inclusions were chiefly sulphides and 
aluminous material, and although the counting method 
was there inapplicable, the same oxygen changes were 
manifest when the visible quantities of aluminous inclusions 
were compared. 

It is also shown that unkilled samples are quite unsuitable 
for estimating the oxygen in the bath, since they may be 
contaminated with slag particles derived in sampling, and 
with oxide films due to air penetration. In this respect 
aluminium-killed samples are much more satisfactory ; 
but even so, a method of obtaining fully reliable samples 
has probably yet to be devised. A minute but remarkable 
segregation effect, containing apparently massive carbide, 
is described. Lastly, the sulphides are studied. As a result 
it is shown that much, of the sulphur in ordinary steels 
solidifies as iron sulphide, which changes later to man- 
genese sulphide in the solid steel. This fact throws light 
on the frequent deficiency of manganese in segregated 


tively examined and reported by the 
Committee. Since that time new methods 
have been introduced, and this Section 
contains a description of the first attempts 
at a complete and systematic study of the methods of 
determination themselves, with a view to their develop- 
ment and co-ordination. 

The work has been carried out at the National Physical 
Laboratory, Sheffield University, the Central Research 
Department of the United Steel Companies, Ltd., and, 
since October, 1936, the Research Department of Imperial 
Chemical Industries (Alkali), Ltd., and the following 
methods are described: the vacuum fusion method, the 
alcoholic-iodine method, and the chlorine method. 

The importance of this work cannot be over-estimated. 
Work on the oxygen content of different steels has, in the 
the past, been published, the value of which has been 
seriously limited by the possibility of wide error in the 
methods of estimation employed ; and despite all attempts 
at making suitable allowance for these errors, when they 
were known, the conclusions themselves have often rested 
upon an insecure foundation. 

The Sub-Committee, therefore, has as its first object the 
complete correlation and examination of all practicable 
methods of oxygen determination, with a view to making 
them available to properly equipped laboratories. 

In this respect the Sub-Committee considers that 
sufficient progress has been made to undertake, with 
reasonable satisfaction, the determination of oxygen in 
samples representative of different types of steel in different 
stages of deoxidation. Notwithstanding this progress, 
which, in view of the wide discrepancies which have 
recently been published from several sources (the Com- 
mittee’s own work not excluded), must be considered 
extremely satisfactory, the Sub-Committee proposes to 
pursue its work of a more fundamental nature with a view 
to evolving simpler and cheaper equipment, and more 
rapid and simpler chemical methods of evaluating the 
oxygen present in inclusions. 


Gases in Iron and Steel 

The results of some further experiments on gases in 
iron and steel, and their effect on the solidification of the 
ingots, are given in a communication by Dr. T. Swinden 
and Mr. W. W. Stevenson, A.I.C., in Section V. The work 
reported in Section VIII of the Sixth Report has been 
amplified. Argon has been used in a manner similar to 
that employed for other gases in the previous Report ; it 
is shown that argon has no tendency to produce unsound- 
ness when passed through liquid steel, and, moreover, that 
it removes the unsoundness effect otherwise produced by a 

(Continued on page 32.) 
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Steel Pickle-Brittleness 


By RICHARD SAXTON 


Many qualities of carbon steel are susceptible to attack by new pickling solutions 
which penetrate the surface pores of the metal, and impart a condition of severe 
pickle-brittleness where immersion is prolonged due to the resistance of the 
scale to chemical action. Some of the difficulties are discussed in this article. 


not the ideal method, and certainly more detrimental 

to quality than otherwise, is still the most economical 
and practical for the efficient removal of oxides from the 
metal. Latterly, this method has been the subject of much 
experiment re operating as a continuous process, and though 
successful with bright and semi-bright material, the varia- 
tion in scale formation, with qualities necessitating hot 
working, has so far rendered the adaptation to steels 
fabricated in this way a matter of difficulty. 

The chief acids employed in steel pickling are hydro- 
chloric, sulphuric, nitric and hydrofluoric. Commercial 
hydrochloric has the widest application, particularly in 
the cleaning of carbon qualities, sulphuric being employed 
chiefly in processing alloy steels. Nitric, due to keen 
penetrative action and cost, is rarely employed for carbon 
steel processing, but in conjunction with sulphuric is 
found of service in pickling stainless qualities. 

Hydrofluoric is only employed in special cases where the 
use of the three previously mentioned acids fails to achieve 
the purpose. It has, however, a wide use in the removal of 
oxides from castings, as silica the main constituent of 
foundry sand is impervious to sulphuric or hydrochloric 
attack. 

Hydrochloric solutions, due to their property of function- 
ing at atmospheric temperature, have their widest ap- 
plication in the cleaning of carbon steels processed for 
cold deformation work, as in the fabrication of wire or 
drawn bars. Employing new acid, these solutions possess 
keen penetrative action in contact with carbon steels, 
penetrating the surface pores of the metal and imparting 
a condition of severe pickle-brittleness where it is necessary 
to prolong the immersion due to resistance of scale to 
chemical action. 

The susceptibility to pickle-brittleness of many carbon 
qualities in contact with hydrochloric solutions is a frequent 
source of trouble in later processing, and as a preventitive 
the use of inhibitors or restrainers has been advocated, 
but objection to their employment is found in many 
quarters on the ground that inclusion of these compounds 
slows up production. The action of these additions 
chemically has never been definitely proved, but general 
assumption is that when a clean surface is exposed the 
inhibitor and metallic constituents of the material combine 
to form a protective film preventing further attack. 

Contrary to the general assumption, there is little solvent 
action on oxide formation, this latter being porous permit- 
ting easy percolation to the metallic base, the contact 
resulting in the evolution of hydrogen, and this in turn 
forcing away the oxide from the metal. Due to the affinity 
of steel for hydrogen much of the latter is absorbed by the 
metal, resulting in an extremely brittle condition unless 
eliminated by subsequent processing. 

Pickle-brittleness and acid rust are unavoidable defects 
imparted by acid immersion, and though various methods 
are employed to eliminate them the most thorough is to 
evaporate by application of dry heat at 200°C. Pickle- 
brittleness is due to hydrogen percolation of structure, 
the resultant effect being an unstable condition of grain 
structure. Acid rust is a corrosion defect affecting chiefly 
the grain boundaries and resulting, where unchecked, in 
total disintegration of the structure. 


‘im process of pickling or acid-cleaning steels, whilst 


The detection of pickle-brittleness prior to further opera- 
tions is a difficult matter, the only change noticeable being 
a slightly darker cast. Acid rust, in general the result of 
inefficient neutralising, cannot be detected and, where 
present, is usually revealed later by the formation of a thin 
film of surface rust, this forming in many cases after the 
material has been worked into the finished product. 

Hydrochloric solutions can be employed heated as well 
as cold, but trouble with the former is that attack with 
many qualities is too rapid ; the acid penetrating deeply 
before the scale is removed. Heating weak solutions prior 
to running off is good practice and furnishes higher pro- 
duction thanis possible working at atmospheric temperature 
until completely spent. ‘ 

Sulphuric solutions require the application of heat to 
function efficiently, and the rate of attack varies with the 
strength of the solution and the temperature to which it 
is raised. The higher the temperature the more rapid the 
action, and whilst susceptibility to acid rust is less with 
sulphuric treated steels, impairment by acid percolation 
is greater. Most economical solution for general work is a 
5% sulphuric at 60° to 80°C., this furnishing a higher 
output with less risk of acid defects that is possible with 
other solutions or temperatures. 

In sulphuric pickling there is a point at which, due to 
accumulation of iron sulphate, further additions of acid 
serve no useful purpcese. It is economic procedure when the 
solution has reached this stage to pass through a strainer, 
the liquor recovered being retained for addition to new 
baths, as it is useful for restraining the too rapid attack 
of new acid. 

In sheet pickling the employment of the sulphuric 
process is practically universal. The solutions employed 
vary from 5%, to 10% acid, and are worked at a temperature 
of approximately 90° C., which gives an immersion time for 
sheets in fair condition of about 4 mins. For machine 
pickling, which has the necessary equipment to maintain 
the solution at a fixed strength, the immersion period as 
given is reduced 25%. General practice with tinplate 
sheets is to follow pickling with a close annealing treatment 
which, in addition to rendering them more pliable, drives 
off any hydrogen remaining. The bluish sheen formed 
on sheets on unloading after annealing is removed by a 
dip in weak acid. 

Trouble encountered in sheet pickling is the formation 
of rust marks on the completion of the operation, due to 
inefficient elimination of acid. General practice of im- 
mersing or washing in cold water has little effect in dispers- 
ing any but surface acid, and the acid carried over into the 
alkali neutralising solution being a compound of iron salts 
and free acid reacts with the alkali to form chemical com- 
pounds which adhere to the sheet in the form of detri- 
mental stains. 

Efficient pickling of stainless steels requires a knowledge 
of the reaction of the particular quality to acid immersion, 
as these metals vary widely in analysis. In_ pickling 
austenitic qualities there is the choice of two processes 
and probably the most widely employed and acknowledged 
safest is the two-bath method, in which the material is 
first immersed ‘in a sulphuric solution followed by a nitric 
bath employed cold. 

The action of the sulphuric mixture loosens the scale 
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only and attack on the metal by nitric is practically nil, 
but care must be exercised against too long immersion, 
or a black scum is formed on the metal extremely difficult 
to remove. Austenitic stainless steels are extremely 
susceptible to pickle-brittleness in the annealed condition, 
and with qualities with which reaction to acid is unknown 
it is wise practice to first test sample piece. 

An alternative method is a one-bath process employing 
a 20°, hydrochloric, 5°, nitric solution. The advantage 
of this bath is that oxides are removed in one operation, 
but the risk of imparting acid defects is considerably 
greater, as these steels are extremely susceptible to hydro- 
chloric attack. The addition of sodium chloride to the 
sulphuric bath is found beneficial in treating certain 
qualities ; speeding up attack without increasing sus- 
ceptibility to acid defects. 

In the cleaning of steel castings sand blasting is gradually 
being superseded by the acid immersion process as a more 
economic proposition. One drawback to wider employ- 
ment is the porous nature of the metal in cast form when 
exposed to acid contact, and risk of pickle-brittleness is 
greater in this condition than when worked hardened. A 
further detriment, often resulting in prolonged immersion, 
js the silica baked to the metal by the fusing of the sand. 

General practice in acid casting cleaning is to first im- 
merse in sulphuric solution to remove bulk of sand and 
seale, then finish off with 10°, hydrofluoric. Hydrofluoric 
solutions are practicaily the only compounds which will 
remove silica fused to the metal, and, as their employment 
is dangerous in inexperienced hands, care should be 
exercised both in preparation and process. To neutralise 
acid remaining after washing, castings are immersed in 
hot sodium carbonate or trisodium phosphate solutions 
which, if heated sufficiently, dry off and leave a deposit 
which acts as a protection against corrosion. Withdrawal 
of casting from the bath slightly heated also facilitates the 
evaporation of hydrogen absorbed. 

The increasing employment of alloy steels in strip form 
has led to the introduction of continuous processes for 
acid pickling these particular qualities, and though highly 
efficient in the treatment of material with only a thin 
oxide or film Geposit, results with the heavier scaled hot- 
worked material have not been the success anticipated. 

Due to larger volume of acid essential for efficient pickling 
these processes are only economical where the output is 
such as to ensure being fully engaged, any stoppage or 
intermittent employment leading to loss by evaporation 
and weakening of the solution with greater area exposed 
to the air. Immersion time is little decreased by the 
employment of these processes, but with acid functioning 
efficiently and no material required to be returned for a 
second immersion output greatly exceeds equal plant 
employing the older bath method. 

The introduction of the continuous process has been 
followed by many improvements, not the least of which is 
a cleaner atmosphere in the department. Fumes generated 
are confined in this process by suitable covers in which 
ducts are incorporated to draw off and convey to a water- 
spray tank. In the older method little provision is made 
to cope with fumes apart from curtailment by suitable 
inhibitors, whilst the use of covers as described is hardly 
a practicable proposition. 


Barrow Hematite Steel Co., Ltd., Barrow-in-Furness, 
Lancashire, have sent us a booklet entitled “ Barrow Steel : 
a Brief History and Survey of Productions.” It presents an 
interesting story of the early history of ironmaking on the 
North-West Coast, including the history of pioneer works, and 
ends with an informative survey of the Barrow Steel Co. to-day 
It is admirably presented and produced, the illustrations in 
particular being excellent. This is a very readable book to 
all interested in the iron and steel industry of this country, 
and one which is likely to be preserved. We understand copies 
are available gratis on application to Barrow Hematite Steel 
Co., Ltd. 
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The Flow of Metals 


THE twenty-seventh Annual May Lecture recently delivered 
before the Institute of Metals by Professor E. N. da C. 
Andrade, D.Sc., Ph.D., F.R.S. in the Hall of the Institution 
of Mechanical Engineers, London, dealt with the flow of 
metals. Flow is most easily observed in the liquid state, 
but whereas there is a satisfactory theory of gases, and the 
structure of crystalline solids has been elucidated by the 
methods of X-ray analysis, very little is known of the 
actual behaviour of the molecules in the liquid state. It 
lacks the regularity of the crystal, and the molecules are too 
close to show the simplicity of behaviour that characterises 
gases. A liquid has about the same density as a solid, and 
can be regarded as a solid in which the heat agitation leads 
to a slow movement of the molecules from their places, a 
molecule travelling through a distance equal to its diameter 
after something less than, but approaching a hundred 
impacts, 

Andrade has put forward a theory of liquid viscosity on 
the basis that the momentum is transmitted from layer to 
layer, not, as in a gas, by the passage of molecules from one 
layer into the other, but by instantaneous association of 
the molecules when they touch, so that at any nearest 
approach two molecules share their momentum. On this 
basis a formula can be derived which gives the viscosity of 
a simple liquid at its melting point, and another which 
gives the temperature variation of the viscosity. 

Molten metals are particularly suitable for experiments 
designed to throw light on this problem of viscosity, because 
they constitute liquids which consist of one kind of atom 
only, and they are not, in general, associated. The viscosity 
is conveniently measured by sealing up the molten metal in 
a sphere, suspended in vacuo, and observing the damping 
of the torsional oscillations of the sphere about a vertical 
axis due to the enclosed liquid. The method has already 
been used for the alkali metals, and is being extended to 
other metals. 

The flow of solids, is perhaps, at first sight, even more 
troublesome theoretically than the flow of liquids, for single 
crystals of metals exhibit plastic flow under very small 
stresses, whereas a perfect crystal should firstly be strong, 
and secondly be brittle. Again, single crystals of metals 
show a very marked hardening with flow. The mechanical 
properties of metal crystals have been elucidated by the 
work of Polanyi, Schmid, G. I. Taylor and others, and it is 
now known that the factor which initiates plastic flow is 
the shear stress in a certain crystal plane and in a certain 
erystal direction, which can be found by experiment, but 
there is no general rule, applicable to all crystals, which 
enables us to decide beforehand what the plane will be, 
whereas the direction is always the direction in which the 
atoms are packed most closely. The glide direction seems 
to be more significant and fundamental than the glide plane. 

To explain how it is that metal crystals can flow at all, 
various workers have suggested, with different detail, that, 
in the ordinary crystal, places exist where the atoms are 
out of step, for a small distance, with their immediate 
neighbours, such regions being called “ dislocations” by 
Taylor. It can be shown that quite a small shear stress will 
cause such a dislocation to run along, leaving the atoms in 
the region through which it passes advanced by one. The 
weakness and the flow of single crystals is explained along 
these lines. Other internal flaws have been involved to 
explain the time factor in the flow, and the hardening. It 
cannot be said that there is any fully satisfactory theory of 
the flow of single crystals of metals, but a good beginning 
has been made. 

It is, of course, a far step from the single metal crystal to 
the polycrystalline metal of industry, but we can see that 
any crystal boundary is likely to stop the propagation of a 
dislocation, or glide in general, and so will make the metal 
less weak and less liable to flow. Industry cannot, of course, 
wait for theory, but the only really satisfactory way to 
approach the problem of the strength of metals is by way of 
the single crystal. 


« 


> 


May, 1937. 


Free-Cutting 
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Light Alloys 


Germany is making great efforts to render herself completely independent on 
non-domestic materials, and special interest is attached to the development of 
light alloys for free-machining. A symposium on this subject was recently 
held under the auspices of the Aluminium Zentrale (the central information 
and development organisation of the industry) in Aachen, and the following 
review of the subject is based on the papers and discussion presented at that 


symposium. 


aluminium and aluminium alloys require different tools 

for machining from those employed for steel or the 
copper alloys. Good results have admittedly been ob- 
tained with light alloys by the use of properly-designed 
tools, and by using special cutting angles differing from 
those used with heavy metals and differing also among the 
individual light alloys. The opposition which has been made 
to the use of light metals in the automatic machining 
industry, which in the past has principally utilised free- 
cutting brasses, is therefore readily understood. It has not 
been an economical proposition to provide both expensive 
tools and a special battery of machines to work with a new 
material for which entirely new conditions apply, and for 
which accumulated experience is valueless. 

It is generally known that when light metal is worked in 
a machine it gives rise to long turnings which, besides the 
disadvantages associated with long and tough turnings 
from the point of view of actual machining, present a 
definite danger both to the machine and to the operator. 
As a rule, these conditions may be somewhat improved 
by cold-drawing the material after annealing and before 
machining: this has the effect of producing shorter and 
less tough chips. Incidentally, this goes to show that there 
is a relationship between the length of chip and the ductility 
of the material. 

Where long turnings are formed it is necessary to remove 
them continuously, an operation which can only be per- 
formed by hand, and involves frequent injury to the 
operator’s hands, even when gloves are worn, frequent 
injury to the surface of the material being machined, a 
considerable slowing-up of the machine output with 
consequent increase in operating costs and the necessity 
for providing means for removing, storing and ultimately 
cutting up the turnings. Quite apart from these facts, the 
subsequent working and remelting of the turnings and chips 
are both costly and difficult. 

Since no satisfactory solution of the problems of machin- 
ing light metals has been found by the machining industry, 
working in conjunction with the suppliers of the material, 
it is perhaps understandable that the light metal industry 
has rested content with the dictum of the machining 
industry and has, until recently, made no attempt to 
develop free-cutting light alloys which would be effectively 
independent of the tools and machining conditions employed 
and would possess, as far as possible, machining properties 
equivalent to those of brass. This lack of development in 
the aluminium industry has not been restricted to any one 
country, but has applied in all the countries which have 
fostered the industry. 

Another factor which has had an important influence in 
this lack of development—and may, in fact, have been 
the most decisive—is the unfavourable price comparigon 
between aluminium and the light aluminium alloys and 
brass, which has made it impossible for the former to 
compete on an economic basis with the free-cutting brasses. 

In Germany, however, as things are to-day, there is a 
strong drive to develop home-produced materials in all 
directions, and consequently—as aluminium is a German 
domestic material and figures large on the horizon— 
research has been focused upon the development of free- 
machining alloys of aluminium base which could replace 


if has, up till recently, been generally accepted that 


— and could be worked with the standard machine 
tools. 

When embarking on the development of such alloys, a 
careful survey was made of the technology of the free- 
cutting steels and brasses. In both these materials successful 
results have been achieved by the addition of alloying 
constituents possessed only of limited solubility in the 
basis metal both in the solid and in the liquid states. 
In the case of brass, for instance, lead is such a constituent. 
In the case of steel, also, free-cutting properties have been 
achieved by the incorporation of slag components such as 
sulphides or silicates or even oxides. In alloy steels such 
as chromium steel compounds, such as complex iron- 
chromium carbides, are probably formed in addition to 
sulphides. 

The valuable alloying elements for the production of 
free-machining properties are in fact such as on the one 
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Fig. 1.—Influence of the cutting speed V and top front rake angle y 

on the cutting power H in two different light ’ 


hand give soft, low-melting point compounds, and on the 
other hand, brittle constituents. 

As far back as 1931, Hansen and Blumenthal showed 
that additions of lead to pure aluminium produced a 
shortening of the chips when the metal was turned. Quite 
recently, alloys of the aluminium-copper-magnesium type 
have been put on the market, first in America and shortly 
afterwards in Germany, for free-machining ; these alloys 
have contained additions possessed of limited solubility 
such as lead, bismuth and cadmium. Still further improve- 
ment in the shortness of the chips or turnings may be 
induced in alloys with these constituents by special heat- 
treatment, which has, however, the disadvantage of 
markedly affecting the corrosion-resistance, or by cold- 
drawing. 

Lead has definite disadvantages as an alloying con- 
stituent to alloys of aluminium base. In the first place, 
in the production of such alloys segregation is difficult to 
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prevent : and anything approaching uniform distribution 
of the added lead can only be achieved in small melts and 
by some measure of over-heating or by the use of special 
production conditions. The production of semi-manu- 
factures from ingot is also attended by special difficulties 
to prevent local concentrations of lead which would induce 
local cracking under stress. There is the disadvantage 
associated with the utilisation of any chips or turnings of 
such alloys containing lead for remelting with] other 
material—special objections attach to the admission of 
such waste material to the scrap market. There are also 
certain problems connected with the properties of the 
lead-containing alloys—for example, the difficulty of 
treating them by the anodic oxidation processes and the 
unreliability of anodic coatings which may be produced. 
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From the point of view of free-machining properties, 
however, lead has been definitely found of value ; and the 
reasons for this are of material interest. Schallbroch has 
shown that the temperature at the cut edges of the free- 
cutting brasses containing lead are in the region of 250°, 
whilst with the free-cutting light alloys the temperatures 
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boundaries. In those cases where the melting-point of 
lead is not reached, the small tensile strength of the 
“embedded ” lead is in itself sufficient to bring about 
rupture, i.e. the chip-shortening property thus the desirable 
free-cutting properties are obtained at the expense of the 
tensile strength of the material. 

Other alloying elements such as tin, cadmium, bismuth 
and antimony which again form with aluminium or with 
the aluminium-magnesium alloys completely insolubie or 
only slightly soluble constituents consisting either of pure 
metal or of intermetallic compounds also suffer from some 
of the same disadvantages—particularly that of adding 
such elements as true alloying constituents. 

The alternative method of producing a free-machining 
material by addition of alloying elements which give rise 
to components which are more brittle and, among other 
things, harder than the matrix metal, by analogy with the 
free-machining steels, was therefore worth exploration. 

Whilst, in the majority of alloys in the wrought condition 
the nature of the precipitated intermetallic compounds is 
similar to that of the same compounds in the cast con- 
dition, this is not the case with the aluminium-magnesium 
alloys. In these alloys the compound Al,Mg, precipitates 
out from the solid solution in an extremely finely-dispersed 
condition either at the grain boundaries or in the grain 
itself, or in some cases both at the grain boundaries and in 
the grain ; whilst in certain cases no grain boundaries may 
be discernible. The very fact of the heterogeneity accounts 
to a certain extent for a measure of chip-shortening—which 
may not, however, be adequate for automatic machining. 
If, on the other hand, the heterogeneity is too marked, 
the alloys suffer from considerable reduction in elongation 
and impact notch toughness which renders the material 
unsuited to many applications. 

It has, however, been found that certain further alloying 
additions such as manganese, iron, chromium, vanadium, 
titanium, molybdenum, etec., when added in quantities to 
give rise to hard intermetallic compounds in aluminium. 
magnesium-base alloys (the content being small, of the 
order of 0-75°,), impart a very considerable degree of 
free-cutting properties by virtue of these hard aluminides. 
The alloys at the same time conserve their normal heat- 
treatment and mechanical characteristics ; they also 
exhibit all the differences ordinarily observed as between 
the homogeneous and heterogeneous states in the straight 
binary alloys, the finely distributed compound Al,Mg, 
being in the same way responsible for the production of 
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Figs. 5a and 3b.—Cutling power and cutting temperature for three light alloys and brass. 


are of the order of 300° and over. When it is considered 
that to produce this temperature at the cut edge the 
material as a whole must be at a considerably higher 
temperature, it is clear that the melting-point of lead is 
with certainty exceeded : the shortening of the chips being 
due to the melting of this constituent at the grain 


short-chip qualities. The higher the magnesium content 
of the alloys, the shorter in general are the turnings. 

The aluminides present in such alloys are appreciably 
harder than the matrix metal. Alloys with only one 
aluminide-forming constituent, however, suffer from a 
number of disadvantages: they do not give very clean 
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machined surfaces, as the aluminides are coarse-crystalline, 
and account for a considerable cross-sectional area of the 
material : when subjected to corrosive conditions or sub- 
mitted to anodic oxidation preferential dissolution, with all 
its attendant disadvantages, arises : and the structure tends 
to be “spongy,” which gives rise to trouble in pressing, 
extrusion and other working operations. Research was 
then made on the alloys with more than one aluminide- 
forming constituent since it was believed that the primary 
magnitude of the complex aluminides is smaller than that 
of the ternary or even quaternary compounds. Investiga- 
tions have shown that some of these complex aluminides 
enter into peritectic reactions with the aluminium-mag- 
nesium solid solution or with the compound A1,Mgp. 
These reactions can take place in the ingot, and can be 
induced by controlled heat-treatment : they can also be 
made to occur by a suitable choice of composition during 
the ordinary course of solidification of the ingot. Heat- 
treatment is, however, necessary in wrought materials— 
at any rate, to complete the reaction. 

The aluminides have, however, rather a strong tendency 
to segregate in the molten condition, and it is not invariably 
possible, and is nearly always difficult, to arrive at a 
uniform distribution of these compounds—with consequent 
fluctuation of the mechanical and other properties of the 
alloys containing them: the cost of heat-treatment to 
induce or complete the peritectic reaction is also a factor 
weighing against the adoption of these alloys. Attention 
was therefore next turned to alloys containing a higher 
silicon content than that normally found in the magnesium- 
containing aluminium alloys (4—14°% Mg): the poor 
surface finish obtainable with these alloys with added 
silicon unsuits them for machining purposes, however, in 
spite of their impreved short-chip properties. It was then 
discovered that part of the silicon could be replaced by 
manganese without detrimental effect to the short-chip 
properties and with a more highly dispersed condition of 
the intermetallic compounds, which occur in plate-like 
form. These alloys with silicon and manganese met many 
of the requirements for free-machining materials, but had 
disadvantages associated with their rather poor corrosion- 
resistance : the next step was to remedy this. It was known 
that in alloys of the Hydronalium type the presence of 
zinc improves the corrosion properties and accordingly 
investigations were carried out to determine the effect of 
adding zinc to the new series of alloys. It was found that 
the corrosion-controlling properties of the zinc additions 
were unaffected by the presence of the alloying constituents 
added to give the desired free-cutting qualities. It was 
also found, unexpectedly, that the zine additions had the 
further property of reducing the size of the deposits of 
silicides or aluminides, either as primary precipitates in 
the melt or after mechanical deformation of the ingot. 

No very narrow limits are imposed for the permissible 
range of the zinc additions in so far as these affect the 
favourable properties which this element contributes. 

The scrap from the alloys does not vary so far from the 
ordinary composition of Hydronalium that small quantities 
are likely to have a dangerous effect on re-melt metals in 
which it may be incorporated—at any rate the scrap 
cannot be regarded as so undesirable as the scrap containing 
lead from the aluminium-copper free-cutting series. 

The chips obtained from the new Hydronalium DBA 
alloy in its final form are extremely short, and the alloy 
compares well in this respect with free-machining brass : 
in fact, the somewhat longer turnings as compared with 
brass which may form in some operations are, not to be 
regarded as wholly undesirable, since too short chips 
interfere with proper lubrication. In contradistinction to 
the aluminium-magnesium-complex aluminide series of 
alloys where the free-cutting properties are obtained at 
the expense of the ductility and notch-toughness, it is 
possible in the free-cutting series of alloys containing zinc 
to obtain excellent machining properties with elongations 
of over 20%. The tensile strength of the alloys is dependent 
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on the magnesium and zinc contents, and may range from 
35 to 45 kg./mm.* in the soft-annealed condition, figures 
which may, of course, be greatly improved by cold-working 
if requisite. 

This alloy is therefore now an established German free- 
cutting light alloy. For certain purposes the aluminium- 
copper-magnesium series with 3-5% Cu, 0-5% Mh, 
0.5% Mg, and varying contents of lead bismuth and 
cadmium, either singly or in combination, is also important. 
The copper-containing series of German free-cutting light 
alloys go by the designation of WI301. The silicon- 
containing series referred to earlier are also on the market 
under the serial designation WA 301. 

Considerable attention has been paid to the corrosion 
behaviour of the different series of alloys. The Hydronalium 
DBA alloy is irreproachable in this respect : whilst the 
WI 301 and WA 301 have reasonably corrosion-resistant 
properties which allow them to be used for all but specially 
severe conditions. Fatigue-corrosion tests have shown 
the alloys to be quite capable of standing up to ordinary 
service. 

The machining properties of the light alloys differ from 
those of steel and cast-iron varieties. The cutting tool does 
not suddenly lese its cutting ability, but a uniformly 
increasing wear is apparent on the cutting edge of the tool 
throughout the machining operations ; up to a certain 
point this wear is permissible, beyond this point it is 
definitely deleterious to the life and surface conditions ot 
the tool. With light metals, high cutting speeds and 
feeds give the best results both from the point of view of 
the work and the tool. The diagrams in Fig. 1 show the 
influence of the cutting speed and of the top front rake 
angle on the cutting power in the cases of two different 
light alloys, and Fig. 2 shows some comparative curves 
for free-cutting light alloys, whilst Fig. 3a and Fig. 3b 
indicate comparison of three light alloys with a free- 
machining brass. 

Lubrication of the free-machining light alloys does not 
require the use of special or new oils. Experience has shown 
that the light alloys are intermediate between the soft 
machine steels and the free-cutting brasses in their action 
on the lubricating properties of the cutting oils available. 
The same oils as are used with the brasses can therefore 
be employed with light alloys, but better results are 
actually obtained with the types of oil used for machining 
steel. 

Meticulous cleaning of the machines from time to time 
is, of course, essential in order to remove any particles of 
aluminium alloys from the oil sump, and to ensure clean 
running of the machine. 


Aluminium Manufacture in Canada 


Tue Aluminium Co. of Canada, Ltd., recorded an increase 
of about 10° in its export sales last year, and of about 
200%, as compared with sales in 1932. The Arvida plant 
is operating at a high rate of capacity, and plans are in 
progress for further expansion. Four furnaces are now in 
operation, and more furnaces will be installed as soon as 
rotary converters have been put in place, changing the 
power supply from alternating to direct current for use in 
the furnaces. Last year’s aluminium exports from Canada 
were valued at $11,100,000, as compared with $10,400,000 
in 1935, and $3,900,000 in 1932. Aluminium ranked third 
in value last year among Canada’s exports of base metals. 


Recently, 100 tons of steel rails, each 120 ft. in length, were 
rolled by the Skinningrove Iron Co., Saltburn, Yorks., for 
service in the L.N.E.R. main line. These are believed to be 
the longest rails ever yet produced in one piece in any part of 
the world. The rolling was successfully accomplished, and 
the rails were laid in the down main line at Holme, near 
Peterborough. It is fully expected that by eliminating the 
number of rail joints the rails will greatly improve the running 
of trains by making smoother travel and lessening noise. 
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Sulphur Recovery Processes 
Progress at Billingham. 


NTERESTING details of the progress made in this 
I country and abroad in the economic recovery of 

sulphur were given by Mr. M. P, Applebey, in a recent 
lecture on ‘‘ The Recovery of Sulphur from Smelter Gases,’ 
before the Newcastle Section of the Society of Chemical 
Industry. The process developed at Billingham has now 
reached the commercial stage, being applicable to metal- 
lurgical gases of almost any SO, content, as well as capable 
of reducing the SO, content of such gases below the limit 
of concentration at which they are a nuisance. Its first 
stage alone can be employed to give concentrated sulphur 
dioxide for liquefaction and sale. 


An experimental pilot plant has been in intermittent 
operation at the Billingham works of I.C.I. for several 
years, and is now in continuous production of about 20 
tons of SO, gas per day. A reduction plant having an 
output of five to six tons of sulphur per day is also in 
production. 


CHEMICAL COMPOSITION OF 


| | 
| 


Specimen Mn. 8. Cr. 
No. % % % % % % 
1 0-43 3-23 0-33 0-021 0-002 8-43 
2 0-40 4-23 0-33 0-022 | 0-004 3-42 
3 0-47 1-49 0-80 | 0-016 0-004 | 14-78 
4 0-46 0-52 1-31 0-025 0-006 | 12-71 | 
5 0-95 1-63 0-74 | 0-011 0-039 15-14 | 
6 1-31 0-44 0-42 0-022 0-007 13-98 
7 0-94 0-50 0-18 0-010 0-030 16-62 
8 0-11 0-56 0-62 0-011 | 0-025 17-72 
9 0-67 2-05 5-16 0-022 0-012 15-89 
10 - - 1-78 — — 15-10 


Results of tests are given in tables and diagrams, Four different tests are carried out, 


Economic Significance. 


Several factors had prompted research into the problem 
of dealing economically with waste sulphurous smelter 
gases. One of these was the economic value of the sulphur 
wasted in this way throughout the world, amounting to 
2,000,000 tons per annum. There was also the desire for 
national self-sufficiency, and the necessity to abate the 
nuisance to health and to vegetation caused by the escape 
of acid gases. 


Two successful recovery processes have been developed. 
One of these (the I.C.I. process) employs as a first stage 
a concentration process, followed by reduction of pure 
SO, to sulphur by means of coke. The other has been 
developed independently by Bolidens Gruvaktiebolag, of 
Sweden, and a company was formed last year, under the 
title of Sulphur Patents Ltd., for the joint exploitation 
and control of the two processes. 


The Boliden process has no concentration stage, and 
depends upon reduction of the raw smelter gases with 
gases derived from coke. Thus, its application is best 
suited to metallurgical gases relatively strong in SO, 
and low in oxygen content. Some 20,000 to 25,000 tons of 
high-quality sulphur are produced annually at the Boliden 
Company's smelter at Rénnskar, Sweden, by this process. 
A copper smelter in Finland employs the I.C.I. process to 
produce 52 tons per day of liquid SO, from copper converter 
gases containing an average of 5%, SQ,. 


Chemistry of the Processes. 


Initial research at Billingham was directed towards 
evolving an efficient process for the concentration of the 
sulphur dioxide from the raw gases. This resolved itself 
into a search for a solution in which SO, could be absorbed 
in large quantities, and from which it could be readily 
regenerated. The choice eventually fell on a specially- 
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prepared solution of basic aluminium sulphate. Mr. 
Applebey described the SO, absorption plant now in use 
at Billingham, and showed how such difficulties as the 
tendency to sulphate and thio-acid formation had been 
overcome, 


The Reduction Process. 

Mr. Applebey also described the second stage (the 
reduction of SO, to sulphur) with reference to the Boliden 
process. This is divided into three stages, comprising the 
manufacture of reducing gas, the use of this for the cata- 
lytic reduction of the SO,, and the cooling of the gases, 
with separation of the condensed sulphur by electrostatic 
precipitation. 


Heat-resisting Materials 


CoMPARATIVE investigations on heat-resisting materials at 
high temperatures are given by Korber and Pomp in a 
recent communication.* Tests are carried out on the 
materials available as rods of 20mm. dia. The chemical 
compositions of the materials are given in the accompany- 


HEAT-RESISTING MATERIALS, 


Ni. | W. Mo Cu. | Co. Ti | | 
| o/ | o/ o/ o/ | o/ | o/ 
| o | /o o | o } /o 
12-94 | 2:16; — | — — 
12-86 | 9-65 | — | 
12-80 | 2-45 | 0-08 | — | — —{|/—j;];-— 
| | | | — | — 
0-18 | — | 0-59 — | 2-28 — 0-35 — 
8-48 1-03 | 0-20 | 0-23 | — 0-22 
0-35 | 5-27 | — — — | | — 
60-30 — 718); — — — | — | 4 
| 


ing table. The authors give the tensile properties of the 
materials at 20°C and also photographs of structure. 


1. The yield points at 600°C. are determined and then 
tensile strength, elongation and contraction, being an 
interval of only about 3 mins. between the two parts of 
these experiments. Great changes have been found against 
the figures established at 20°C. and also the sequence of 
value of the different steels in reference to the four proper- 
ties has changed very much and in quite different manner. 


2. The tensile strength at temperatures ranging from 
600° to 900° (tests lasting 20 minutes), decreases with 
increasing temperature continuously with exception of 
steels Nr 6 and 7, which have a maximum at 850°C., 
probably in consequence of internal transformations. 


3. The impact hardnesses dependent on temperatures 
show a course very different from that of the tensile 
strengths in the 20 minutes test. The decrease of the latter 
between 600° and 900° is much more regular than that of 
the former. The steels 6, 7 and 8 show, after an initial 
decrease, a maximum hardness of between 800° and 850°. 


4, Four of the specimens, steels 5, 7 and 8 and the alloy 
10, are subjected to creep tests at 700°C , in which the 
extensive occurring under a load of 1 kg. per sq. mm. in an 
interval of 250 hours was measured. The best result gave 
steel 8 with a practical standstill of the creep after 50 hours. 
Steels 5 and 7 reached nearly the same result after about 
200 hours, but alloy 10 had still a remarkable speed of 
elongation after 150 to 200 hours. The ratio of the total 
elongation after 240 hours was for the three groups :— 
8 : (5 and 7): 10=4: 43: 87. 


~* By Friedrich Korber and Anton Pomp. (Mitteilungen aus dein 
Kaiser-Wilhelm Institut fur Eisenforschung. Vol. XVIII, 1936. 
No. 18. Paper 314), Price RM. 1-0, 
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Correspondence 


Heat-Treatment of Welds in Work of 
Special Character 


The Editor, METALLURIA 

Sir,—The Industrial Research Department of the South 
Metropolitan Gas Company undertook, in co-operation 
with Mr. H. Fergusson of Messrs. G. A. Harvey & Co. 
(London) Ltd., the even heating of circumferential welds, 
in order to relieve welding strains on large cylindrical 
pressure evaporating vessels or calandrias, which Messrs. 
Harvey had manufactured and which are believed to be 
the largest vessels of that type yet constructed. 

Each vessel was 26 ft. 9 in. high, consisting of two shells 
each 10 ft. 4 in. high and a domed top and bottom, with 
an internal diameter of 11 ft. and designed for a working 
pressure of 250 Ib. per sq. in. on the shell. 
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was easy to move it from one weld to another, there being 
three welds per cylinder. 

It will be appreciated that the calculation of the heat 
input required for one of the normal welds was not an 
easy matter and for those near the tube plates, connected 
as they were by welding with nearly 1,800 1} in. diameter 
tubes, it was quite a complicated matter. However, the 
equipment was designed on some rough experiments 
carried out on a piece of the actual welded plate at the 
works of the South Metropolitan Gas Company, and 
proved in service satisfactory both to the fabricators of 
the vessels and the metallurgist of the underwriting 
Insurance Company, who witnessed the actual normalising 
operation. 

The outside diameter was approximately 11 ft. 3 in. 
giving a length of circumferential weld of just over 35 ft., 
and it was decided to arrange the burners to give an equal 
heat input per foot of circumference of plate. Pressure 
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: Fig. 1.—General arrangement for heating 
the weld metal. 
~. | | air was available from a Roots-type 


i) blower in the shop and it was decided 
}, to use the air-blast-type of burner 
} and to construct six sections, each of 

approximately 6 ft. length, of 1 in. 
diameter pipe, with }} in. diameter 


( ++< } holes spaced at lin. centres, each of 

S / these six sections being independently 
+ fed with an air-gas mixture from 

two underslung circumferential pipes, 
aad % one 2 in. diameter for air and the other 


* flexible hoses independent of their ver- 
tical position on the upright cylinder. 


; 24 in. diameter for gas, these latter 
= | taking their supplies through armoured 

a (See Fig. 1.) For the sake of safety, each 


Large cylindrical pressure evaporating vessel 2 
with temporary equipment for heat-treating to P | 2 of the six | in. vertical gas leads to the 
to relieve welding strains. al , mixing throats was provided with a 
Fig. 2.—(on right) showing sectional view of . % ; back - pressure valve to obviate the 
refractory lining. possibility of air getting back into the 
gas service. 


The bottom shell (calandria section), which was fabricated 
of 148 in. plate, had two tube plates each 1 in. thick in 
one piece between which were welded 1,792 tubes 1} in. 
bore. The test pressure for the calandria section was 
375 lb. per sq. in. and that for the upper shell 285 Ib. per 
sq. in. 

All the main seams were X-rayed, altogether about 
1,200 photographs being taken of the welding of the four 
vessels. Each vessel weighed 50 tons and had to be lifted 
100 ft. from the ground to reach its destination at the 
client’s works. 

The work of heating the welds was one peculiarly suitable 
for gas and the design of the equipment was such that it 


The fiames from the six circumferential burners did not 
play directly on to the surface of the shell, but on to a 
monolithic refractory lining contained in a cylindrical 
housing of channel cross-section (see Fig. 2), made in six 
pieces, and so disposed as to shape and position relative 
to the burner that the surface immediately above the burner, 
and immediately opposite the weld, was maintained from 
almost the start in a state of incandescence and gave its 
heat directly and quickly by radiation to the steel surface, 
with, it is claimed, the minimum amount of scaling. 

The burners proved very responsive to adjustment and 
it was found possible to secure uniformity of temperature 
all round the weld, as shown by the indications from 
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thermo-couples welded at intervals round the weld inside 
the shell, whose leads were taken trhough a convenient 
manhole to the indicating instruments on a table alongside. 


D. CHANDLER. 


Heat-Treatment and the Component 
Their Treatment in Technical Articles 


The Editor, MeTALLURGIA 


Sir,—If I ask for a little space to comment on the much 
appreciated contributions by Messrs. Plant and Chubb, it 
is mainly in an attempt to clarify further the general idea 
which prompted my original letter! Mr. Plant has himself 
amplified my remarks out of his own experience, and has 
suggested a remedy in the metallurgical education of 
engineers and users. If this is also to include the en- 
gineering education of chemists and metallurgists I am in 
hearty agreement. 


But the main reason for my letter was not so much the 
larger issue as the more particular one of technical articles 
dealing with heat-treatment and the component! And in 
an appeal for more articles dealing with the problems 
connected with the component (as such) I am still of the 
opinion that this will go some way along the line of practical 
education. 


Mr. Plant thinks that I appear to seek for a solution of 
my difficulties (which, like his, are mainly other people's) 
in the experience of others. Altering the word “ solution ” 
to “‘ assistance towards a solution ”’ this is quite as reason- 
able as accepting the laws of heat-treatment, equilibrium 
and constitutional diagrams, grain growth, etc., from 
technical lectures or text book, providing that I have the 
necessary equipment to understand and utilise such an 
education. It is parallel in nature to the discussions which 


usually follow the lectures of our technical societies ! 


Mr. Plant has, I am sure, so much of value to offer in 
this direction that he will not mind my attempt to em- 
phasise the particular rather than the general. 


Mr. Chubb went to some length to prove that there is 
a case for and against the testing of the component, and 
that it is necessary to decide each problem upon its merits. 
Now it is the merits of each problem that I am anxious to 
see expounded for the benefit of metallurgists and engineers. 
When I saw his example of the crown-wheel component 
I had great hopes that the first specific contribution to the 
series had commenced. But after producing his crown- 
wheel and tensile test-piece, Mr. Chubb left us with an 
unfinished last act to what appears to have been a highly 
controversial drama! In making a carburised test-piece 
to represent the working portion of a carburised component 
Mr. Chubb was showing the sense of realism I am anxious 
to see emphasised. We are left to assume however that 
he carried that realism a little farther by subjecting his 
test-piece to the same type of stress as that given to the 
tooth of the component is use. 

The present writer has had, in the past, to assist in the 
endeavour to find test-pieces, static and working tests, 
which would give a routine indication of the durability of 
casehardened components. 

Compression load to produce first crack in the case, on 
fully supported and partially supported test-pieces, gave 
valuable indications ; as also did plain shear and bending 
tests. But, and this is important, the test-pieces bore at 
least a working relation in size, case depth, treatment 
and type of stress to the actual component. 

In conclusion may I thank Mr. Plant and Mr. Chubb for 
their very interesting contributions. 

Yours faithfully, 
H. T. 

April 23, 1937. 
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The Editor, METALLURGIA 


Sir,—If it is not too late to make a few comments on 
your correspondent’s letter, I do not quite agree that it 
is also necessary for chemists and metallurgists to have 
an engineering education. After all, it is not for them to 
do other than produce the class of metal the engineer 
requires, though it is of paramount importance that the 
engineer shall know if the metal he proposes to use will 
stand up to the stresses and strains he requires, and 
further, a knowledge of the physical properties at least, 
of the metals will enable him to decide what metal to use 
within the scope of these stresses and also of dimensions. 
Some years ago, it fell to my lot to design a very large 
bridge for Denmark in international competition. While 
this design was not that chosen it had the merit of being 
classed among the first six. My work on that bridge was 
considerably assisted by a knowledge of the physical 
properties of steels, cast irons and wrought iron. This 
knowledge enabled me to include certain members in one 
metal where measurements and bulk had to be kept to a 
minimum, whilst I could use other metal in those places 
where stresses were less, or where extra bulk did not 
matter. But, assuming my design had been accepted, 
it would not have availed the steelmaker one little bit, 
when I placed my contract for the various sections of steel, 
had he an engineering knowledge. On the other hand, it 
would be essential for him to have his thorough metal- 
lurgical knowledge in order to produce steel to my 
specification. 

Your correspondent stresses the fact that it is “ the 
merits of each problem” which he is anxious to see 
expounded, and suggests that I might be able to offer 
something of value. This is probably true, but the types 
and classes of problems which one comes up against are 
so immense and varied that I feel it is always almost 
impossible to put any one forward which is going to act 
as a furtherance of general practical knowledge. I might, 
for instance, quote the instance of a draw-bar hook which 
fractured because the forging had not been done in the 
correct direction of the grain of the metal, or the malleable 
cast-iron casting which had been produced and was useless 
because the method of grain growth had not been considered 
in designing the component. Both these instances, and 
many more, are however of interest only to comparatively 
one or two people; they are not generalities, and I still 
feel that the “ assistance towards a solution,”’ accepting 
your correspondent’s correction, is in a thorough study of 
those laws and theories which have, through research, 
been proved and which should be known by all those 
engaged in the design, manufacture and working of the 
metal under consideration. 

Yours faithfully, 

Walsall, C. HERBERT PLANT. 

May 7, 1937. 


Catalogues and Other Publications 


A booklet, entitled “‘ The Twentieth Century Metal for the 
Twentieth Century Home,” has been issued by the British 
Aluminium Co., Ltd., which describes some of the company’s 
exhibits at the Daily Mail Ideal Home Exhibition, Scottish 
Section, Olympia. 

Nickel which is refined at Clydach in South Wales comes 
from mines situated in the Sudbury district of Northern 
Ontario, owned by the International Nickel Co. of Canada, 
Ltd. In one of these mines, the Frood Mine, there is an ore 
body estimated to contain over 135 million tons. The whole 
process of the extraction of nickel, with special reference to 
the Mond process of nickel refining, is discussed in an interesting 
and informative manner in a booklet on the subject recently 
issued by the Bureau of Information on Nickel, the Mond 
Nickel Co., Ltd., Thames House, Millbank, London, S8.W, 1. 
The booklet deals with mining, concentration and smelting, 
refining, grinding, calcination, reduction and volatilisation, 
decomposition, medium pressure plant, subsidiary operations, 
and nickel sulphate manufacture. 
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Orientation in Rolled Copper 


HEN a metal is subjected to a rolling operatios, 
W the individual grains or crystals tend to be broken 
up into smaller crystals, and accompanying thin 
breaking up is a motion of rotation such that each crystal 
tends to fall into a system of preferred orientation, which 
has a definite angular relation to the surface of the metal. 
The rolled crystals may orient themselves with respect 
to the axis of the rolls, or to the rolling direction, or both. 
The study of preferred orientation can be carried out by 
X-ray diffraction methods and is of great importance from 
two points of view. One is the possibility of better under- 
standing the lattice forces within a metal, and the other, 
the changing physical properties of a metal when cold- 
worked. In respect to the latter, an investigation has been 
made by H. V. Anderson and C. H. Kehl,' to determine 
whether or not straight rolling of copper, as compared to 
reversed rolling for both heavy and light roll passes to the 
same total reduction, had any influence on the amount of 
preferred orientation produced on and below the original 
surface. 

Four samples of rolled electrolytic copper were employed 
in the investigation. The chemical composition of the 
copper was 99-93 to 99-94°, copper, 0:04°%, oxygen, 
arsenic and sulphur the remainder. The samples were 
subjected to light and heavy roll reductions by both 
straight rolling and reversed rolling, copper sheet being 
reduced from 0-168 in. to 0-050in. by four and seven 
passes respectively, each pass giving a 10°, reduction. 

The preferred orientation in the various rolled samples 
was studied by two X-ray diffraction methods. One 
method consisted of obtaining a diffraction pattern of the 
specimen by surface reflection and the other method by 
transmission of the X-rays through thin sections of the 
specimen. With the first method, diffraction patterns were 
obtained by diffracting the incident beam from the surface 
layers of the specimens which were tilted approximately 
15° to the horizontal, such that the incident beam struck 
the middle of the specimen and a diffraction pattern 
registered on a photographic film, placed 5cm. from the 
point and perpendicular to the incident beam. One pattern 
of each sample was taken with the incident beam impinged 
along the direction of roiling and another with the beam 
impinged across the direction of rolling. An exposure of 
72 hours was found necessary to give a satisfactory pattern 
without the use of intensifying screens. With the second 
method, transmission patterns were made of each sample, 
the X-ray beam passing through the specimen perpen- 
dicular to the surface, a photographic film being mounted 
6 cm. from the specimen, perpendicular to the X-ray beam. 
The transmission specimens were prepared from the 
original samples by a careful etching with cold nitric acid 
to a thickness of 0-0098 to 0-0100in., and an exposure 
of 48 hours was found to give satisfactory patterns. 

Positive prints were made of all the diffraction patterns, 
and it was found that on all the patterns taken with the 
beam impinging along the direction of rolling, there was 
no indication of preferred orientation, and that only the 
patterns with the X-ray beam impinging across the direction 
of rolling showed a decided preferred orientation. The 
results obtained showed that the amount of preferred 
orientation produced on the surface of rolled copper is not 
influenced by the method of rolling, provided the total 
reduction is the same. The transmission patterns showed 
that below the original surface (at least below 0-0004 in.) 
a more random orientation is produced by reversed rolling 
than by straight rolling, while the severity of rolling to the 
same total reduction by both reversed rolling and straight 
rolling has no influence on the amount of surface or interior 
preferred orientation produced. 


' Metals and Alloys, 1937, Vol. 8, pp. 73-76. 
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Institute of British Foundrymen 


The thirty-fourth Annual Conference of this Institute 
will be held at Derby from June 8-11, 1937, the arrange- 
ments for which are in the hands of the East Midlands 
Branch. The papers to be presented cover many aspects 
of modern foundry practice and of particular interest is a 
special session of papers on non-ferrous foundry subjects. 
The third **‘ Edward Williams”’ lecture will be delivered 
by C. H. Desch, D.Se., Ph.D., F.R.S., on the subject of 
‘actors in the Casting of Metals.’’ The following papers 
will be presented at the technical sessions :—‘‘ Recom- 
mendations Concerning the Establishment of Costs in a 
Grey [ron Foundry,” by the Costing Sub-Committee of 
the Technical Committee; ‘‘Wear Tests on Ferrous 
Alloys,” by O. W. Ellis; “ Additional Data on the Manu- 
facture of Ingot Moulds,” by R. Ballantine; ‘‘ Foundry 
and Laboratory Characteristics of Cupola Coke,” by 
H. O'Neill, M.Met., D.Sc. and J. G. Pearce, M.Sc., F.Inst.P., 
M.I.E.E.; The Elimination of Gaseous Impurities in 
Aluminium,” by Prof. Georges Chandren ; Re-melting 
Aluminium in the Foundry,” by Chief Engineer H. Rohrig ; 
‘* Notes on the Structure and Characteristics of Aluminium 
Alloys,” by H. C. Hall, M.Met., F.I.C.; “ Trends in the 
Non-Ferrous Foundry,” by L. B. Hunt, M.Sc., Ph.D. ; 
and * The Use of Nickel in Non-Ferrous Alloy Castings,” 
by J. O. Hitchcock, B.Sc. 

Derby is not wholly industrial, and the progranime 
indicates that facilities are provided for enabling members 
and ladies to enjoy the delightful scenery in this district. 


International Association for Testing 
Materials visit Thos. Firth and John 
Brown’s Works 


One of the most interesting visits associated with the 
recent Congress of the International Association for Testing 
Materials was that to the works of Messrs. Thos. Firth and 
John Brown, Ltd., Sheffield, for which nearly 150 members 
and friends journeyed from London. On arrival at the 
works they were received by Dr. W. H. Hatfield, who 
conducted the party over many departments. Particular 
attention was directed, in the first place, to a specially 
designed ingot charging crane used in connection with a 
battery of Priest’s furnaces. The construction of these 
furnaces and the operation of the crane are such that a 
large number of ingots can be charged at one time, as was 
demonstrated. 

The iarge battery of electric melting furnaces, installed 
at these works, was shown in operation, a furnace being 
tapped and the metal cast into ingots. Passing through 
the electric steel-casting shop, the visitors were taken to 
the large new tool shop, where the small tools, for which 
this firm has a high reputation are manufactured. The fact 
that this tool shop is built on the site which was formerly 
occupied by the works in which Bessemer steel was first 
developed, added considerably to the interest of the 
visitors. 

One of the most spectacular sights was the forging of a 
large boiler drum in the 6,000 ton press. From the small 
tools, amongst which were drills that were almost invisible, 
to boiler drums involving the use of ingots of approximately 
200 tons in weight, gave the visitors some indication of the 
wide range of this firm’s activities. From the 6,000 ton 
press the party visited the large machine shop, equipped 
for machining the largest forgings. Here again the wide 
range of work was evident. 

The afternoon was allocated to the “ Staybrite ” sheet 
section of the works, previous to which the visitors were 
entertained to lunch at the Victoria Hotel. Mr. Allan .J. 
rant, J.P., managing director of Messrs. Thos. Firth and 
John Brown, Ltd., welcoming the visitors, apologised for 
the absence of the Rt. Hon. Lord Aberconway, C.B.E., 
Chairman of the Company, who had hoped to be present to 
receive them, but important business had called him away 
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from Sheffield. Mr. Grant expressed his pleasure that so 
many members of the Association had started at such an 
early hour to travel to the works. In the short time at 
their disposal it had only been possible to take them over 
a small part and it had not been possible to arrange for a 
visit to the Laboratories. He hoped, however, that the 
arrangements made were of interest. Prof. Dr. M. Ros, 
General Secretary of the International Association for 
Testing Materials, responded, expressing, in a very charm- 
ing way, the pleasure of the members in having the oppor- 
tunity to visit these works. 

The subsequent visit to the “ Staybrite ” sheet depart- 
ment proved as interesting as the departments visited 
during the morning. In this department were seen the 
sheet rolling operations, the subsequent annealing of the 
sheets in a special type of gas-fired furnace, and the trim- 
ming, sorting and inspection of the sheets. Production of 
these sheets is organised on a semi-automatic plan, which 
operates very efficiently. 


” 


Deterioration of Chromic-acid Baths 
used for Anodic Oxidation of 
Aluminium Alloys 


In the commercial operation of chromic-acid baths for 
anodising aluminium alloys, the baths eventually fail to 
produce good films. When inferior films are formed the 
effectiveness of the solution may be temporarily restored 
by arbitrary additions of chromic acid, but a condition 
may be reached when further additions of chromic acid 
are without effect. Buzzard and Wilson have studied 
this aspect of anodising in order to determine the essential 
changes that occur in the continued operation of the 
chromic-acid baths and the conditions that must be 
controlled to maintain such baths in effective operation. 

Hexavalent and trivalent chromium, aluminium, iron, 
copper, chlorides, and sulphates were found in a spent 
bath that had been used for anodising aluminium alloys, 
Experiments with freshly prepared chromic acid baths, 
to which were added, singly, amounts of the above sub- 
stances slightly in excess of those found in the spent bath, 
indicated that failure of the bath was caused by a decrease 
of the content of hexavalent chromium or an increase in 
that of aluminium. Iron and sulphates, even when added 
in considerable excess over the amounts found in the spent 
bath, did not adversely affect the bath performance. 
Additions of chloride (which would not be present in 
normal bath operation) caused readily observable attack 
at both electrodes. On the basis of these preliminary 
tests, the investigation was confined to a study of the 
changes in the concentration of the principal constituents ; 
namely, hexavalent chromium, trivalent chromium, and 
aluminium. 

The rate at which the chromic-acid bath deteriorates 
when used was determined by anodising duralumin sheets. 
Iron cathodes were used and the chromic-acid solutions 
had concentrations of 3, 5 and 10%, (0.3, 0.5 and 1.0 M). 
The anodising was conducted at 40° C., with a constant 
bath potential of 40 volts for periods of 7 hours. The 
anodes were renewed hourly, and a sample of the solution 
removed from the bath after each 25 hours of operation 
and analysed. The baths were operated until a heavy 
sludge formed. 

The results of this investigation are summarised by the 
authors, who state that failure of anodising baths 
as a result of use is caused principally by the neutralisation 
of free chromic acid by aluminium. The true criterion of 
the working condition of the bath is the concentration of 
free chromic acid. pH measurements with a glass electrode 
furnish a convenient means for determining and con- 
trolling the condition of the bath, the useful life of which 
may be greatly prolonged by maintaining the solution at 
the required pH. The free chromic-acid content is main- 
tained at the desired value by adding chromic acid to the 
bath in accordance with the pH values. 
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Experience has shown that maintenance of the bath 
at a constant pH ensures the obtaining of anodic oxide 
films that are very uniform in character. 

By R. W. Buzzard and J. W. Wilson, Jour. Research 

National Bureau of Standards, Vol. 18, U.S. Depart. 


of Commerce. 


The Heterogeneity of Steel Ingots 
(Continued from page 22.) 
prior passage of hydrogen. From this it is concluded that 
the effect of nitrogen, previously reported, is essentially a 
physical effect, and is not due to the nitrogen forming 
compounds with the iron, as was suggested in the discussion 
of the previous Report. 

Further experiments relating the influence of moisture 
are included, wherein it is shown that moisture tends to 
cause unsoundness in circumstances in which dry gas 
(either argon or air) causes no unsoundness. 

The results of this further work are in line with those 
to be anticipated from the authors’ previous communication 
on this subject. 


Ingot Moulds 

Following joint meetings of the Heterogeneity of Steel 
Ingots and Open-hearth Committees an Ingot Moulds Sub- 
Committee was set up in 1934, and in Section VI of this 
(the parent) Report is given the first report of the Sub- 
Committee. The terms of reference are wide, and for the 
time being it is concentrating its whole attention upon the 
examination of all the factors which goven the life of 
ingot moulds in service. 

Three principal paths of approach to the subject have 
been followed : One is an investigation of various failures 
of ingot moulds, and a detailed study of the influence of 
the composition and structure of the ingot mould iron 
upon mould failures, carried out by the British Cast Iron 
Research Association. Another is a statistical survey of 
the many factors which are known to affect the life of 
ingot moulds, carried out by making a careful and 
systematic study of the actual experience of a number of 
steelworks, determined by means of a questionnaire. The 
third consists of full-scale works experiments, designed 
to show the effect on mould-life of certain specific cupola 
charges, of the interval between casting and the removal 
of the mould from the sand, of subsequent annealing, of the 
interval between teeming the steel and stripping the ingot, 
and of high- and low-carbon steels. 

The Sub-Committee is not yet in a position to lay down 
any definite scheme which will enable steel manufacturers 
to get the maximum life out of their moulds, but, never- 
theless, the report yields many extremely useful indications 
which subsequent work is likely to confirm and amplify, 
and goes a long way towards clarifying a subject which, in 
the past, has been frequently obscured by the complexity 
and unreliability of the data hitherto collected by 
individual observers. 

Pyrometry 

A further report of the Liquid Steel Temperature Sub- 
Committee is given in Section VII. This deals with work 
which has been carried out since the publication of the 
Sixth Ingot Report. The programme consists of a series 
of investigations, with the object of determining the 
temperature of molten steel directly in the furnace or the 
ladle. For this purpose the possibilities of the development 
of a suitable thermocouple are being explored, and several 
methods are at present under examination. 

Dr. Fitterer’s silicon-carbide/graphite combination is 
being investigated. Various “ quick-immersion ” methods 
are also being considered. In these (a) a platinum thermo- 
couple, (6) a sighting tube for an optical pyrometer, and 
(c) metallic alloys in the form of wires, and having different 
melting points, are immersed in the liquid steel for a brief 
period of time. Details are given of laboratory tests which 
have been carried out, together with a trial of some of the 
apparatus on an open-hearth furnace. 
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Reviews of Current Literature 


Journal of the Institute of Metals: 
Volume LIX (Proceedings). No. 2, 1936. 


TxHovucH the Institute of Metals has held meetings in many 
European countries, it was not until last autumn that this 
very international society of engineers and metallurgists 
first sampled French hospitality. From the record of the 
Institute’s “ Paris Autumn Meeting ’”’ contained in the 
newly-issued Journal, it would seem that the meeting 
was highly successful—technically, as well as socially. 

The editor, however, deals but briefly with the dances, 
receptions and excursions that form a normal part of such 
a gathering in Paris, and makes up for his reticence in 
this direction by printing in full not only the 16 papers 
that were read at the business sessions—with the relative 
discussions and communications noted verbatim—but also 
the very informative Autumn Lecture by Professor 
P. A. Chevenard, on “The Scientific Organisation of 
Works.” Hitherto, available only in French, the lecture 
is sure of a welcome in its English form by all who have 
anything to do with factory mangement or control. 

The papers reproduced in the present volume cover such 
varied fields as soft soldering, production of aluminium 
reflectors, platinum group metals, forgeability of light 
alloys, and the creep of tin. The authors include dis- 
tinguished French, German, Russian and Swiss investiga- 
tors, as well as many British workers. 

The general impression obtained by a careful perusal 
of the Journal is that the Institute responsible for its 
publication is singularly fortunate in possessing amongst 
its members so many famous metallurgists and engineers— 
men who are willing to come from all parts of the world 
(14 nations were represented at the Paris Conference) to 
throw their knowledge into a common pool, whence it 
crystallizes out in so useful a shape as the volume before us. 

Edited by G. SHaw Scorr, M.Sc., F.C.I.S. London : 

The Institute of Metals, 36, Victoria Street, West- 
minster, S.W.1. £1 Ils. 6d. 


The Preservation of Iron and Steel by 
Means of Paint 


CONSIDERABLE research work on protective paints for 
iron and steel has been published, but it is, unfortunately, 
so scattered and often so inaccessible, that knowledge of 
it is often confined only to those research workers intimately 
concerned with it, and actual paint users, to whom the 
results would be of the utmost benefit, are left in ignorance. 
It is noteworthy, therefore, that the Research Association 
of British Paint, Colour, and Varnish Manufacturers have 
issued this, the first of a series of bulletins with the object 
of presenting a systematic classification and correlation 
of the published literature. The present issue reviews 
literature relating to anti-corrosive paint materials and, 
in addition, briefly describes the theories underlying their 
use, and the information given will assist in dispelling the 
considerable amount of existing misapprehension regarding 
anti-corrosive paints. 

The authors discuss the modern theory of corrosion, 
but despite much research on the corrosion of metals the 
fundamentals of the problem are not understood, and a 
line of demarcation is still set up between chemical and 
electrolytic processes. The writer is inclined to the belief 
that the electrolytic theory covers all phenomena which 
take place when a metal is decomposed and loses 
its stability, and this view is apparently also held by the 
authors who confine their discussion to the electrolytic 
theory. 

The protection conferred by a paint depends, broadly 
speaking, on the nature of the paint film and its capacity 
for adhesion to the surface painted ; in a more detailed 
sense the protection depends upon the components of the 
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paint—the pigment, medium, dryer—and not least, upon 
the method of manufacture, which is beyond the scope of 
analytical investigations. More study has been devoted 
to the effect of the pigment in the paint than to any other 
factor, probably because the pigment is easier than the 
medium to examine separately, and the authors give 
much useful information on the effect of the pigment in 
anti-corrosive paints and in primers. In addition, the 
effect of the medium and the pigment/medium ratio are 
fully discussed, while the general summary given at the 
end will be of great convenience to readers. 


By L. A. Jorpan, D.Se., A.R.C.Se., F.LC. and L. 
Wuitsy, Ph.D., M.Se., F.LC., published by The 
Research Association of British Paint, Colour and 
Varnish Manufacturers, The Paint Research Station, 
Waldegrave Road, Teddington, Middlesex. Price, 
2s. 6d. net; postage 2d. 


Symposium on Radiography and X-Ray 
Diffraction Methods 


THE twelve technical papers comprising the symposium 
presented at four sessions of the 1936 annual meeting of 
the American Society for Testing Materials, together with 
extended discussions, are published in this book. The 
papers were prepared by outstanding authorities in the 
field, and form a symposium which is believed to be the 
first held in an English-speaking country on this subject. 
Six of the papers deal with radiography, covering principles, 
foundry applications, radiography in the welding shop, 
miscellaneous applications of radiography and fluoroscopy, 
radiographic specifications, and gamma-ray radiography, 
and its relation to X-ray radiography. An appendix to 
this latter paper provides instructions for radiography 
with radium. Authors of the papers in this section include : 
John T. Norton, Earnshaw Cook, J. C. Hodge, Herman E. 
Seeman, H. H. Lester, and Norman L. Mochel. 

The six papers devoted to diffraction cover equipment 
and methods, constitution of alloys, chemical analysis, 
determination of particle size, applications to non-metallic 
materials, and to problems of cold work, preferred orienta- 
tions, and recrystallisation. Authors in this section include 
Charles S. Barrett, Kent R. Van Horn, Wheeler P. Davey, 
John T. Norton, G. Harvey Cameron, and George L. Clark. 

Copies in cloth binding can be obtained from A.S.T.M. 
Headquarters, 260, S. Broad Street, Philadelphia, at $4 
each. Special prices are in effect on orders in quantity 
and for educational work. 


French Tinplate and Canning Industries 


Tue Le Fer-Blanc et les Conserves en France, Bulletin 5 
of the International Tin Research and Development 
Council, has just appeared. This book, in French, was 
prepared in collaboration with l’Office Technique pour 
l’Utilisation de l’Acier, who were also instrumental in 
obtaining the photographs which occupy 48 pages, rather 
more space than the text. The photographs were taken 
specially for this book, and they convey a very clear idea 
of the great variety of processes and of products that the 
canning industry in France is concerned with. The text 
deals with canned foods from the point of view of whole- 
someness, and is intended primarily for dietetians and 
doctors. Amongst the subjects dealt with are the general 
methods of preserving foods, the nutritive value of canned 
foods, and in particular of condensed milks, the food 
regulations of France as they apply to canned foods, and 
a brief account of tinplate manufacture. 

A limited number of copies is available for free dis- 
tribution in other countries besides France and application 
should be made direct to the International Tin Research 
and Development Council, at Manfield House, 378, Strand, 
London, W.C, 2. 
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Iron-Vanadium.Carbon Ternary System 


A contribution to the knowledge of part of above system is 
made as a result of an investigation by Wever, Rose and 
Eggers. Two three-dimensional diagrams of the iron- 
vanadium-carbon system are used for discussing the 
principal possibilities of the spatial arrangements. The 
results of the literature concerning vanadium steels are 
compared and it is pointed out how far the opinions on the 
equilibria in the iron corner of the iron vanadium-carbon 
space diagram differ from one another. Therefore careful 
experiments have been carried out to check these contra- 
dictions and obtain an accurate position. 

The iron-vanadium-carbon alloys are produced by 
melting ore of about 50 grammes with a proportion of 0-5, I, 
1-5, 2, and 5°, vanadium and each time a different pro- 
portion of carbon between 0-01 and 2°, under hydrogen as 
protecting gas. Ferro-vanadium of 79% V, Swedish 
pig-iron of 3-22%,C and 0-19% Si and Armeo-iron of 
0-01°, C are used as starting-materials. The test pieces 
are annealed 3 hours at 900 to 1,000° C. and then inves- 
tigated principally by thermo-analytical means using curves 
of refrigeration or differences of temperatures. Cvlinders 
of 15mm. diameter and 1-5mm. diameter and 7 mm. 
depth for the platinum /platinum-rhodium thermo-elements 
have been proved as suitable. The turnings obtained at 
the production of these test-pieces are used for the chemical 
analyses. The thermo elements are gauged according to 
the melting point of different metals and verified repeatedly. 
The structure of some test-pieces is investigated by micro- 
scopic means for confirming the results obtained by thermo- 
analytical methods. 

The results of the author’s investigations are presented 
in an extensive table of figures and five diagrams; they 
cannot be marked as very satisfactory. The reason for the 
differences between the diagrams of the different experi- 
mentators as well as the reason for the proportionally great 
scattering of the temperatures of transformation during the 
authors’ experiments carried out with utmost carefulness, 
must be found in the peculiarity of the investigated ternary 
system : “* On the one hand it is nearly impossible, owing 
to the hardly soluble vanadium-carbide, to obtain starting 
conditions equal for all tests, on the other hand the re- 
frigeration is increased quite differently according as the 
quantity of the solved vanadium-carbide varies.” 

As a special result it is pointed out that in hypo-eutectoid 
steels pure vanadium austenite can exist at high temper- 
ature. 

Franz Wever, Adolph Rose and Hans Eggers (Metteil- 
ungen aus dein Kaiser-Wilhelm-Institut fur Eisenforschung 
Vol. XVIII, 1936, No. 17, paper 313.) Price RM. 1-50. 


A.S.T.M. Methods of Chemical Analyses 
of Metals 


For the first time the A.S.T.M. has issued a publication 
giving under one cover all of its methods of chemical 
analyses of the ferrous and non-ferrous metals. These 
include four methods for analysing ferrous metals, twelve 
for non-ferrous metals and alloys, three methods of quan- 
titative spectrochemical analysis of non-ferrous metals. 
Included in the volume are the greatly amplified and 
modernised methods of chemical analysis of steel, cast iron, 
open-hearth iron and wrought iron. These new combined 
methods were developed to provide methods for the deter- 
mination of important elements in plain and alloy steels 
and irons, and the new methods comprise an up-to-date 
treatise on this subject. 

The publication of this book may be taken as a welcome 
sign of the times and an indication that users of materials 
are becoming more technically minded, and are likely to 
appreciate the compliment of having tried methods of 
analysis at their disposal. An interesting and useful 
addition are the methods for the sampling and analysis of 
several ferro-alloys. 
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The section on non-ferrous metals embraces methods for 
the analysis of bearing metals, brasses and _ bronzes, 
aluminium alloys, pig lead, slab zinc, nickel, electrical- 


resistance alloys and silver solders. The methods given 
have been compiled as standard procedures for use in 
referee analyses. They are not intended to preclude the use 
of other methods that give results within the permissible 
tolerances. These methods will find appreciation amongst 
many in the manufacturing and consuming industries, and 
metallurgists, in particular, will find the book of special 
interest and value. 

Copies of this 250-page publication can be obtained from 
A.S.T.M. Headquarters, 260, Broad Street, Philadelphia, 
Penn. U.S.A., at $2.50 in cloth binding; $2 in heavy 
paper cover 


Action of Metals on Lubricating Oils 


The corrosion of copper, lead and tin and the influence 
of these metals upon the deterioration of commercial 
lubricating motor-oils has recently been studied. The 
deterioration was caused by heating samples of oils in glass 
basins for periods of two months at a temperature in the 
neighbourhood of that occurring in practice. Thin films of 
the various metals under test were produced on glass plates 
by evaporation under high vacuum, and these films were 
immersed in the oil during the test period. The films were 
so thin as to be transparent, and the effect of corrosion in 
thinning the films was to increase the transparency, and 
this property was conveniently used as a measure of the 
corrosion. It appears that the viscosity, surface tension 
and the acidity of the oils are not influenced by the metal 
present, but sludge formation is strongly stimulated in the 
presence of copper, while tin and lead have the opposite 
effect. Copper is strongly attacked, but tin and lead are 
protected by the film of reaction products. Oil stored in 
open cans for some months before the test was decidedly 
more corrosive than oil fresh from the sealed can. 


These investigations by P. J. Haringhuizen and D. A. 
Was, of the University of Utrecht, are described in 
* Research on Thin Layers of Tin and Other Metals, III : 
The Interaction Between Metals and Lubricating Oils,” 
published as Technical Publication No. 51 by the Inter- 
national Tin Research and Development Council, Manfield 
House, 378, Strand, London, W.C. 2, where copies may be 
obtained free of charge. 


The Kaiser-Wilhelm-Institute 


A VERY complete description is given of the new buildings 
of the Kaiser Wilhelm-Institute for Iron Research. Created 
by the German Steelmakers’ Association, the Institute 
began work at Aachen in 1918, but recently moved to new 
premises in Diisseldorf. The Institute is under the manage- 
ment of a director-scientist controlling independently the 
programme and methods of research work. Its task is 
purely scientific research into the realm of iron and steel 
technology. The new spacious buildings, which are deserib- 
ed so fully in this communication, were visited by members 
of the Iron and Steel Institute when the annual meeting 
was held at Diisseldorf last year, in consequence of which 
this publication has more than ordinary interest for many 
in this country. 


In addition to the buildings, each department together 
with its equipment is fully described. The most modern 
equipment and appliances for carrying out research work 
are installed and the Institute may be regarded as the most 
up-to-date of its kind in the world. The description covers 
60 pages which are profusely illustrated. 

By Friedrich Korber (Mitteilungen aus dien Kaiser- 
Wilheim-Institut fur Fisenforchung. Vol. XVIII, 1936, 
No. 19, paper 315). Price, RM, 6-0. 
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Complete Coking Plant for Turkey 


As already announced a complete new iron and steel works 
is to be erected by the Turkish Government at Karabuk, 
about 130 miles north of Ankara, the capital of Turkey in 
Asia, or Anatolia as it is called. The contract for the work has 
been placed with Messrs. H. A. Brassert & Co. Ltd., of London. 
They have now given the order for the complete Coking Plant 
in connection with the new Works to Messrs. Simon-Carves 
Ltd., of Cheadle Heath, Stockport. 

The contract is for 42 Simon-Carves ‘““Underjet’? Compound 
Coke Ovens of the Otto Twin-Flue type, with all necessary 
coke oven machinery, and a complete by-product plant, 
including crude benzol and rectification plant and electro- 
static detarrers. Messrs. Simon-Carves’ contract also com- 
prises wagon tippler, coal handling plant, blending bunkers, 
reinforced concrete service bunker of 2,000 tons capacity, coke 
wharf, coke quenching station, and coke handling and 
sereening plant. 


The L.N.E.R. Provides for Modern 
Motor Cars 


In view of the great increase in the number of private motor 
cars sent by rail the L.N.E.R. is to provide special equipment 
in 190 covered carriage vehicles to enable them to be used 
more conveniently for the carriage of modern motor cars. 

During the past few years the design of motor cars has 
developed enormously and the modern streamlined model is 
slung much lower than the older types of car. The carriage 
trucks were fitted for handling the older motor car body and 
the wheel bars or supports which hold the car in position in the 
truck have a range of height of from 9} in. to 21 in. above the 
floor. To accommodate many of the modern design cars it is 
necessary that these bars should be fixed to give a clearance 
from the floor as low as 5in. and in view of the increased 
demands for this class of traffic the Company is to make the 
necessary alteration in its 190 carriage vehicles. 


London Passenger Transport Board 
(Railways) 

The British Thomson-Houston Co., Ltd., has received an 
order from the London Passenger Transport Board for a large 
number of traction control equipments for use with tube 
rolling stock, the total value of which is in excess of 
£1,000,000. The equipments comprise control apparatus for 
driving and non-driving motor-cars and the wiring of control 
and auxiliary circuits on motor-cars and trailers. 

The equipments will be of the PCM type, consisting of 
electro-pneumatically operated contactors and cam-operated 
contactor groups, arranged to give series-parallel control of 
two 140 H.P., 600 V, traction motors with automatic accelera- 
tion and two weak field running points in parallel, in addition 
to the usual series and parallel points. The whole of the 
contactors, together with their associated relays and resist- 
ances, will be arranged as a single unit designed for under-coach 
mounting. 

The motor control group utilises an unusual and unique 
arrangement of circuits, which allows the control unit to rotate 
in one direction while cutting out resistance during series 
acceleration, and to reverse its direction of operation so as to 
cut out the resistance sections in parallel while returning to 
its off position. This arrangement permits the provision of a 
large number of accelerating points in a simple controller, and 
allows a high rate of acceleration to be maintained without 
excessive current peaks. 

These equipments have been designed so that they can be 
accommodated in the very limited height available under the 
coaches, thus dispensing with the equipment compartment 
which has hitherto been a feature of the standard tube trains : 
additional space will therefore be available for the accom- 
modation of passengers. 

These equipments will be mounted on new cars, which will 
be coupled together to form 4-car and 3-car train units, of which 
two units will be coupled together to form longer trains when 
required. The rate of acceleration and maximum speed 
possible with the new equipments will be considerably higher 
than is the case on existing standard trains. 
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Foreign Scientists for International 
Geological Congress in Moscow 


The great interest of geologists throughout the world in the 
International Geological Congress, which is to be opened in 
Moscow on July 20, may be judged by the ceaseless flow of 
applications received from foreign and Soviet scientists. 
Academician I. M. Gubkin, President of the Organising 
Committee of the Congress, has stated that the Commmittee has 
already received 360 applications from foreign scientists, 210 
of whom have actuaily made arrangements for their arrival 
in Moscow. There will be a total of 1,200 delegates at the 
Congress, including 400 to 500 foreign scientists, many of them 
them world renowned geologists like Fourmarier (Belgium), 
Jacob Pruvost (France), Bruce (Canada), Howe, Morris, 
Dunbar and Hess (U.S.A.), Barbour and Gordon (England), 
Eskala (Finland), and Backlund (Sweden). As far as is known, 
the United States will be represented by 82 delegates, Great 
Britain by 17, France by 8, and South Africa by 10. Seventy 
papers to be read by foreign scientists at the Congress have 
already been received by the Organising Committee. 


By courtesy of tie James F. Lincoln Arc Welding Foundation, Cleveland, Ohio. 


A * steel carpenter ™ at work in the manufacture of an 11 foot 
diameter water-cooled shell for an automatic gas producer at 
Willman Engineering Co., Cleveland, Ohio. The shell is of high 
tensile, corrosion-resisting low-alloy steel known as **Cor-ten.” 


Electric Furnace for Overseas 


A 3}-ton electric furnace has recently been built by the 
machinery department of Edgar Allen and Co., Ltd., for the 
Electric Furnace Co., Ltd., London. This furnace is for over- 
seas, and will be installed for the making of steel castings as 
well as ingots. The construction is largely standard, but the 
following points are worthy of note. 

There have been incorporated balanced electrode gear, 
remote operated tightening gear for the electrode holders 
(by this means it is not necessary for the man to stand on the 
furnace roof for the changing of electrodes), special cast steel- 
stiffeners around the top of the furnace shell and over the door 
openings, radial and horizontal adjustment of the electrode 
arms being provided to enable the electrode pitch circle to be 
changed. 

The electrical gear consists of a 1200 kVA transformer, hav- 
ing variable high reactance for are furnace work, with several 
low tension voltages, the desired voltage being obtained by 
means of a motor-operated tap-change switch. The high- 
tension switch controlling the transformer is of standard type, 
complete with the necessary push buttons for operating the 
tap-change switch mentioned above. High-speed automatic 
electrode regulators are also provided. 

The furnace is designed for melting a normal charge of 34 
tons in approximately 2} hours. To this, of course, must be 
added the time for refining, etc. 
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British Columbia Copper for Japan 


The entire production of copper concentrate to be turned 
out shortly by the Granby Consolidated Mining, Smelting and 
Power Company, Ltd., at their British Columbia mines will, we 
understand, be supplied to the Japanese firms of Mitsui and Co. 
Ltd., and Mitsubishi Shoji Kaisha, Ltd. The contract runs for 
three years and provides for the supply of 4,000 tons of 
concentrate each month to be loaded at Vancouver on vessels 
provided by the Japanese firms named. The same firms are 
understood to be interested in nickel-copper concentrates from 
the British Columbia nickel mine. 

Work is progressing rapidly at the Granby plants in the 
Similkameen in preparation for the reopening of the Copper 
Mountain mine and the resumption of operations of the 
3,000-ton concentrator at Allenby. It is expected that milling 
will be started by the end of this month. The first unit of the 
15,000 h.p. power house at Princeton is now working, and the 
transmission line to the mill has been completed. The line to 
the mine will be finished shortly. 


Furnace Works Extensions 


Considerable extensions have recently made been to the 
works of Metalectric Furnaces Ltd., Smethwick, which are now 
fully occupied in the manufacture of a wide range of melting 
and heat-treatment furnaces. Particular interest is being 
shown in the melting furnaces manufactured by this firm, and 
among recent orders is a 15-ton steel melting furnace, also two 
5-ton furnaces for special irons. 

This firm has recently acquired control of the “ Russ’ 
patents in Great Britain, which are incorporated in the design 
of furnaces suitable for the melting and heat-treatment of 
light alloys; these furnaces embody the experience of the 
** Russ ” organisation in Germany. In addition, the firm has 
secured licence and control in Great Britain for the Tagliaferri 
melting furnaces for iron and steel. Over 120 furnaces of this 
type have been installed with a total melting capacity of 700 
tons and a rating of 250,000 kw. 

With the extensions these works are of an exclusive charac- 
ter, incorporating ferrous and non-ferrous foundries, pattern, 
machine, steel fabrication and erection shops, which are fully 
equipped and adequately staffed. In addition the firm has a 
large staff of technical engineers and skilled metallurgists to 
advise on any particular heat-treatment or melting problem. 


Tinplate Output Restrictions Removed 


In February, it will be remembered, as a result of increased 
demand for tinplate, the quota was raised from 70 to 75 per 
cent. Now the South Wales Tinplate Pool Committee has 
decided to remove the restriction on output of tinplate based 
on allocated capacity. This is the first time since 1932 and 
means that tinplate works may now operate up to their full 
capacity. 


Plans for Developing Brazilian Iron Ore 


Considerable interest is attached to suggestions made for the 
development of Brazilian iron ore ; the deposits are believed 
to be among the largest in the world. The development of the 
mines, which are situated mainly in the State of Minas Geraes, 
is greatly handicapped by poor transport facilities. A French 
concern controls a large part of the iron ore mining industry 
and steel production, and is building new blast-furnaces with 
an annual capacity of 150,000 tons. 

Suggestions were made many years ago to the Brazilian 
Government for the reorganisation of the iron ore mining 
industry. In 1917 a British compnay, the Itabira Iron Ore Co., 
was formed, owning mines in Minas Geraes claimed to contain 
about 500 million tons of hematite ore. This Company 
submitted plans to the Brazilian Government for the formation 
of a new concession, but no decision was reached. In 1935, new 
proposals were put forward, which provided for the building of 
a railway line and shipping facilities in Santa Cruz. These 


proposals have now come before the Brazilian Parliament and, 
despite the controversy which has arisen as a result, there is a 
possibility that 
Parliament. 


the plans may receive the sanction of 
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Iron and Steel Production in South Wales 


The production of iron and steel is making remarkable 
progress in South Wales and recent figures show tho trade 
reaching new high levels. In the first quarter of this year, for 
instance, official returns show the output of steel to be 76,200 
tons more than the first quarter of last year and 194,500 tons 
more than in the corresponding period of 1935. With a 
continuance of this progress it is expected that the output for 
the half-year will be the largest of any district in the United 
Kingdom. 


Achema Annual, 1937 


This profusely illustrated book which appears in the middle 
of May, has 388 pages. It will review with practically no 
omission the many products for scientific and industrial 
purposes of the German chemical apparatus and plant building 
industry as these products will be shown at the Achema VIII 
Chemical Engineering Exhibition. As is generally known, 
this Exhibition will be held from July 2 to 11 at Frankfort-on- 
Main on the occasion of the National Convention of German 
Chemists. This Annual prepares the visitor for what he will 
see at this Chemical Engineering Exhibition. Such a well 
planned preparation is a vital necessity. The multitude and 
variety of the apparatus, plant equipment, machines and 
accessories exhibited in seven halls with about 175,000 sq. ft. 
floor space make a careful study and systematic preparation. 
practically indispensable if one really wants to make the most 
of one’s stay at Frankfort-on-Main. This Annual is supptied 
free of charge to those who have registered their visit to the 
Achema VIII in advance. Only three international reply 
coupons need be sent to cover postage. Prospective visitors 
to the Achema VIII may now register in advance at the 
Dechema German Society for Chemical Engineering, 103a, 
Potsdamerstrasse, Berlin W. 35. 


Some Recent Contracts 


The L.N.E.R. have just placed orders with various firms in 
the West Riding of Yorkshire, Lancashire and Somerset for 
57,900 yards of cloth, 152,500 yards of serge and 325,000 yards 
of blue jean. This amounts to 342 miles of material, a distance 
slightly greater than that from London to Berwick-on-Tweed. 
The material is required for uniforms, overalls, etc. 


The Wellman Smith Owen Engineering Corporation, Ltd., 
has been awarded a contract by the Cleveland Bridge and 
Engineering Co., Ltd., Darlington, for the supply of two bridge 
erection cranes, to be employed in the erection of the cantilever 
bridge to be built over the Hooghly River, between Howrah 
and Calcutta. Each crane will be fitted with two jibs, each 
capable of dealing with 60-ton loads. Auxiliary lifts for loads 
up to 20 tons are also provided for. The design of these 
cranes calls for the introduction of many interesting and novel 
features, and involve the supply of considerably more than 
1,000 tons of machinery. 


A contract for the supply of 100 locomotive axle-boxes has 
been received by the North British Locomotive Co., Ltd., 
Glasgow, from the Bombay, Baroda and Central India Railway 
Administration. The North British Locomotive Co. have also 
received an order for six locomotive boilers for the Siamese 
State Railway. 


The Admiralty announces that it has decided to entrust 
construction of the undermentioned submarines of the 1936 
programme to the following companies: H.M.S. Triumph to 
Vickers-Armstrongs, Ltd., Barrow-in-Furness ; H.M.S. Trident 
to Cammell Laird and Co., Ltd., Birkenhead; and H.M.S. 
Tribune to Scott’s Shipbuilding and Engineering Co., Ltd., 
Greenock. The river gunboat, H.M.S. Scorpion, will be built 
by J. Samuel White and Co., Ltd., Cowes, Isle of Wight. 


The Caledon Shipbuilding and Engineering Co., Ltd., of 
Dundee, recently received an order from the Adelaide 
Steamship Co., Ltd., for a vessel of 3,500 tons, deadweight. 
This brings the number of vessels which the Caledon Co. is 
building for the Australian company to three. The machinery 
for the new vessel will be supplied by James G. Kincaid and 
Co., Ltd., of Greenock. 
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Aircraft Structures and 
Materials 


N the twenty-second annual report of the National 
Advisory Committee for Aeronautics the results of 
investigations are given by the Sub-Committee on 
metals used in aircraft. In connection with investigations 
on the weathering of light-alloy structural sheet material, 
a series of tests which have been in progress at Washington, 
D.C. ; Hampton Roads, Va. ; Coco Solo, C.Z. ; will shortiy 
be completed after four years’ continuous exposure of 
specimens to the weather. Although the initial test 
programme was arranged to cover five years, it is felt that 
they will have essentially fulfilled the purpose in the 
somewhat shorter time. The results definitely establish 
the markedly superior properties, with respect to corrosion- 
resistance, of the aluminium alloys containing magnesium 
as the alloying constituent over similar alloys containing 
copper as an essential alloying constituent. The tests have 
also given valuable information with respect to the coating 
processes which are dependable for use on aluminium-alloy 
structures which must withstand severe atmospheric 
conditions. The Alclad materials have proved very resis- 
tant under all conditions imposed upon them. These 
various classes of alloys can be depended upon to give 
eminent satisfaction over a stipulated minimum five-year 
service life of an aircraft. 

In the summarising report, detailed information is given 
on the microstructural aspect of the corrosion of aluminium- 
alloy sheet and its relation to the lowering of the mechanical 
properties of the material. The correlation of the results 
of laboratory tests by the salt-spray method on a large 
number of specimens with the results obtained with similar 
materials exposed continuously serves as a basis for a 
practical evaluation of this method of testing, which is 
extensively used in specifications in the aircraft industry. 

A programme to supplement these tests has been 
authorised and tests have been planned to give information 
on specific items of general importance in aircraft con- 
struction, such as spotwelding, riveting, as well as newly 
developed protective coatings. 


Protective Surface-Treatment of Magnesium 
Alloys 


An electrolytic method has been developed for the 
surface-treatnemt of magnesium alloys which is analogous 
to the anodic process used for aluminium alloys. The 
process is being applied on a commercial scale at the Naval 
Aircraft Factory. This method for treating the surface of 
magnesium has proved superior, in a number of ways, to 
other processes for the same purpose, although it is not so 
simple in application as the corresponding anodic process 
for aluminium alloys, since the various types of magnesium 
alloys differ somewhat in their response to the treatment. 
Work is being continued for defining the proper conditions 
for each type of this class of alloy. Weather-exposure 
tests are in progress to supplement extensive laboratory 
tests by the salt-spray method to determine the relative 
merits of magnesium alloys treated by this and other 
methods, the treated specimens being coated with various 
kinds of priming and finishing coats recommended for 


magnesium. 


Structural Changes in Aircraft Metals Occurring 
as a Result of Service Stressing 


It is well established that marked structural changes 
which are conducive to short service life occur in certain 
soft alloys as a result of the stress conditions which occur 
in service. An investigation has been started to show 
whether or not highly stressed aircraft metals, particularly 
propeller materials, may be subject to similar detrimental 
structural changes. The work has been confined to the 
aluminium propeller alloy, 258, with special emphasis on 
its behaviour under fatigue stress, 
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X-ray study by reflection methods at an angle of grazing 
incidence of the same spot on the surface of a fatigue-test 
specimen as it is fatigue-stressed at successively higher 
maximum fibre stresses from 12,000 Ib. to 18,000 Ib. per sq. 
in. has shown no significant changes in the reflection 
pattern. 

A testing programme on the aluminium-alloy propeller 
material is now under way to show to what extent, if any, 
fatigue-stressing may affect the other machanical properties 
of the material. Special attention being given to the 
possible effect of fatigue-stressing on the impact resistance of 
the material. Information on this point is urgently needed. 

Certain microstructural features, “ slip-plane precipi- 
tation’’ and “ veining,” observed in 258 which have 
aroused some suspicion as to its origin and significance have 
been found in individual grains throughout most of the 
length of practically all the blades studied. These features 
are evidently not characteristic of areas of maximum 
service stresses. Their appearance is associated with heat- 
treatment procedure. Results have been obtained which 
indicate that this condition can be more readily revealed in 
material which has been fatigue stressed than in the same 
material initially. However, the practical significance of 
this fact, if it has any, is not apparent as yet. 

Results of a systematic study of the rate of “ growth ” of 
the heat-treated 258 alloy indicate that growth in the 
material continues long after the maximum hardness of 
the alloy has been attained, which fact may have some 
significance with respect to internal stresses in the finished 
material as it goes into service. 


Aircraft Metals at Sub-zero Temperatures 

A programme of tests has been carried on during the year 
for obtaining information requested by the Bureau of 
Aeronautics on the common mechanical properties of air- 
craft structural metals at subnormal temperatures, approxi- 
mating those which occur in service. These properties 
were determined at a series of temperatures ranging from 
room temperature to — 78-5° C. (— 109° F.). Information 
has been obtained on stainless steel, 18-8, and on the same 
material ‘stabilised’ by means of titanium and by 
columbium ; on representative aluminium alloys, cast 
and wrought; magnesium alloys, cast and wrought ; 
chromium-nickel alloy, “Inconel” (Cr 15%, Fe 6%, 
Ni 79%); chromium-nickel-molybdenum steel (C 0-47%, 
Cr 1-04%, Ni 1-80%, Mo 0-22%) ; high-chromium steel 
(© 0-11%, Cr 16-3%, Ni 172%). 

Practically all the materials have shown an increase in 
the yield strength and ultimate strength at the lowered 
temperature with no change in the modulus of elasticity 
and only slight or insignificant decrease in the ductility. A 
very reassuring result of the tests to date on many of the 
materials is the fact that the impact resistance of notched 
specimens determined at the low temperature, — 78-5° C., 
is not materially different from the value obtained on the 
same material at room temperature. For a few of the 
materials, however, some decrease in this property was 
noted. A report summarising the work is in preparation as 
a Research Paper of the National Bureau of Standards. 


| Personal 


As the Chairman of Edgar Allen and Co. (South Africa), 
Ltd., Johannesburg, Mr. C. F. Lucas, is shortly coming to 
England on leave, Mr. G. N. Nicholson, a southern representa- 
tive of the firm, has already left England to act as a salesman 
during the period of his absence. Mr. Nicholson expects 
to return to this country about the end of the year. 


Messrs. David Brown & Sons (Hudd.) Ltd., Huddersfield, 
have appointed Mr. F. M. Abbey as District Representative for 
the Eastern Counties. He has been in their employ at 
Huddersfield for nearly twenty years in various technical 
capacities and will be able to advise customers on all design 
and service matters in connection with gear drives. He has 
taken up residence at 24, Henley Road, Ipswich (Telephone : 
Ipswich 3435). 
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ALUMINIUM. 


£100 
ANTIMONY. 
£86 
71 
37 
BRASS. 
Solid Drawn Tubes ...... lb, O 
Brazed Tubes ........... 0 
Wire. 0 
*E xtruded Brass Bars 0 
COPPER. 
Standard Cash ........... £60 
63 
62 
64 
64 
Solid Drawn Tubes ...... lb. O 


Brazed Tubes 


FERRO ALLOYS. 
tTungsten Metal Powder .. 
tFerro Tungsten 
Ferro Chrome, 60-70°,, 


Chr. 
Basis 60°, Chr. 2-ton 
lots or up. 
Carbon, scale 11 
per unit 
6°, Carbon, 
per unit 
8% Carbon, se 
per unit 
10% Carbon, 
per unit 
§Ferro Chrome, Specially 
fined, broken in small 
pieces for Crucible Steel- 
work. Quantities of 1 ton 
or over. Basis 60°, Ch. 
Guar. max. 2%, Carbon, 
scale 11/— per unit 
Guar. max. 1°, Carbon. 
seale 12/6 per unit 
§Guar. max. 0.5% Carbon, 
scale 12/6 per unit 
tManganese Metal 97 
Mn 


> 


NOMINAL 


98% 
§Ferro-Vanadium 25-50°, 
§Spiegel, 18-20°, 
Ferro Silicon— 
Basis 10%, scale 3/— 
per unit nominal .... 
20/30% basis 25°, scale 
3/6 per unit 
45/50°%, basis 45°, scale 
5/— per unit 
70 80°, basis scale 
7 r unit 
90 /95°%, basis 90%, scale 
10/— per unit 
§Silico Manganeee 65/75% 
Mn., basis 65% Mn. .. 
§Ferro - Carbon Titanium, 
Ferro Phosphorus, 20-25%, 
§Ferro-Molybdenum, Molyte 
§Caleium Molybdate 


FUELS. 

Foundry Coke— 
S. Wales 
Scotland 
Durham 
Furnace Coke— 
Scotland 


12 


Ib. £0 
» O 

ton 30 
22 

21 

» 33 

36 

37 

Ib. 
» O 

ton 8 
ton 10 
» 13 

11 

» 28 

lb. 
ton 22 


Ib, 
6 to 1 
1 
1 
1 


10 


* McKechnie Brothers, Ltd., May 13. 
Subject to Market fluctuations. 
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MARKET PRICES 


GUN METAL. 

*Admiralty Gunmetal Ingots 

£85 0 0 
*Commercial Ingots ....... 68 0 0 
*Gunmetal Bars, Tank brand, 

lin. dia. and upwards... Ib. 0 1 1 

MANUFACTURED IRON. 

Scotland— 

£ll 17 O 
N.E. Coast- 

Common Bars ............ 10 15 
Lancashire— 

Midlands— 

11 17 6 

Marked Bars.............. 14 7 6 

Unmarked Bars........... 

Nut and Bolt 

1215 0 

S. Yorks.— 


PHOSPHOR BRONZE. 
*Bars, Tank brand, 1 in. 
dia. and upwards—Solid Ib. 


o 
tSheet to 10 W.G. ........ 
» 
0 


+10°% Phos. Cop. £33 above B. s. 
+1 50. Phos. Cop. £38 above B.S. 


on 


*+Phos. Tin (5%) £30 above English Ingots. 


PIG IRON. 
Scotland— 


Hematite M /Nos. 
Foundry No. | 
No. 3 

N.E. Coast— 
Hematite No. 1 
Foundry No. 1 
No. 3 
ee No. 4 
Silicon Iron 
Fo 

Midlands— 

N. Staffs. Forge No. 4 
Foundry No.3 .. 


D> 


— 


Northants— 
Foundry No. 1 
Forge No. 4 
Foundry No. 3 

Derbyshire Forge............ 

Foundry No. 1... 

-" Foundry No. 3... 

West Coast Hematite 

East 


AND STEEL. 
Export pig-iron, maximum per- 
centage of sulphur 0-015, of 
phosphorus 0-025. 
Per English ton 
Billets, single welded, over 0-45 
Carbon. 
Per metric ton 
Per English ton .. 
Wire Rods, over 0-45 Carbon. 
Per metric ton 
Per English ton . . 
Rolled Martin Iron, basis price. 
Per metric ton 
Per English ton .. . 
Rolled charcoal iron, finished 
bars, basis price. 


Per metric ton........... Kr.360 
Per English ton.......... £18 12 6 
f.o.b. Gothenburg. 
t C. Clifford & Son, Ltd., May 13. 


3.0 
15 6 
13. 0 

3 6 

1 0 

0 0 

0 0 

3.0 
6 0 

6 6 

0 6 

3 6 

3 0 

9 0 
6 0 

8 6 


SWEDISH CHARCOAL IRON 


Kr.180 
Kr.315-385 
£16 5 0/£19 17 6 


Kr.365-385 
£18 17 6/£19 17 6 


Kr.315-330 
. £16 5 0/£17 0 6 


May 


SCRAP METAL. 


45 

15 

Aluminium Cuttings ......... 74 

Heavy Steel- 

3 

Cast Iron— 

3 
q 
4 

Steel Turnings— 

2 
2 

Cast Iron Borings— 

2 
SPELTER 


20 
STEEL. 

Ship, Bridge, and Tank Plates. 
Tee £11 
North-East Coast ......... ll 

Boiler Plates (Land) Scotland. 12 
(Marine) 

6 » (Land), N.E. Coast 12 
(Marine) 

Angles, 11 
North-East Coast ll 

10 

14 

10 

Sheftield— 

Siemens Acid Billets....... 11 
Hard Basic .. £617 6 to 10 
Medium Basic, £6 12 6and 10 
8 
11 

Manchester 
ll 

Scotland, Sheets 24 B.G. 15 


, 1937. 
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ASAAOAARS 


HIGH-SPEED TOOL STEEL. 


Finished Bars 14% Tung- 


Finished Bars 18%, Tung- 
Extras 
Round and Squares, } in 
Under }in. to in. » 
Round and Squares, 3in... ,, 0 
Flats under lin. xjJin..... ,, 0 
TIN. 
Standard Cash .............. £247 
£248 
246 
Tin Plates I.C. 20 x 14 box... 1 
ZINC. 
LEAD. 
25 


te 


10 
10 


coo 


0 
0 


t Murex Limited, May 13. 


Buyers are advised to send inquiries for current prices when about to place order. 
§ Prices ex warehouse, May 13. 


N 
7 38 
0 0 0 0 
0 0 
0 0 
0 0 
0 0 0 
0 0 0 0 
0 0 
0 0 
1 10 0 
1 2} 6 0 
0 10} 
0 7 5.0 
10 0 
: 2 6 
12 6 
10 5 0 
5 0 
1 
0 0 
10 
10 
1 23 G.O.B. Official _ 
a 
5 5 0 
5 0 
10 
; 10 
10 0 10 
0 
0 
we 
— 
, 5 
5 
0 0 ig 
0 0 0 
] 0 
3 5.0 
5 
: 
| | 
0 0 
3 6 
10 
oO 
17 6 
{4 Ib 
15 
0 43 0 
0 0 
4 9 5 
4 5 4 
0 
17 6 0 
8 — 
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best, and this prestige is retained by publishing views con- 
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and non-ferrous metallurgy. 


The quality of the literary pages of METALLURGIA demands 
attention, therefore METALLURGIA is outstanding as an 
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Make use of the advantages it offers, and its subscribers at home 
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Developing Special Steels. 
The Brown-Firth Research Labora- 
tories. The essential work of these 
laboratories lies in the consideration 
of scientific and technical problems 
arising in the operation and develop- 
ment of the processes and improve- 
ment, modification or utilisation of 
the products in which the associated 
companies are interested. 

The Influence of Alloying Elements 
on Steel 
Results of two investigations are 
given on the effect of titanium and 
phosphorus on the properties of steel. 

Discovery of ium in Canada 

Imperial and International Pros- 
perity 

The Opening of ‘the Diisseldorf Ex. 
hibition 

Aluminium in the Nitric- acid In. 
dustry 

Nickel and Zine Electroplate Finishes 

for Iron and Steel a 
By E. E. Halls ‘ 
In this article evidence is ‘given that 
a preliminary nickel plating im- 
proves the quality of electro zinc 
coatings from both durability and 
appearance aspects. 

The Heat-treatment of Structural 
Steel: Some Practical Consider- 
ations. By Loxley 
Some of the factors that influence 

results in practice are discussed. 
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The Iron and Steel Institute 
Annual General Meeting in London. 

The Heterogeneity of Steel Ingots . . 
The Seventh Report of a Joint Com- 
mittee of the Iron and Steel Institute 
and the British Iron and Steel 
Industrial Research Council. 

Steel Pickle Brittleness. By Richard 
Saxton .. 
Many qualities ‘of carbon steel are 
susceptible to attack by new pickling 
solutions which penetrate the pores 
of the metal. Some of the difficulties 
are discussed. 

The Flow of Metals 

Free-Cutting Light Alloys... 
A symposium on the subject of free- 
cutting light alloys was rec.ntiy held 
under the auspices of the Aluminium 
Zentrale in Aachen, and this review 
is based on the papers and dis- 
cussions presented. 

Sulphur Recovery Processes .. 

Heat-resisting Materials .. 

Correspondence .. 
Heat-treatment of Welds in Work of 
Special Character. Heat-treatment 
and the Component. 

Visit to Thos. Firth and John rage 
Ltd. 

Orientation in Rolled "Coy pper 

Deterioration of Chromic-acid Baths 
used for Anodic Oxidation of 
Aluminium Alloys 

Reviews of Current Literature. 
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DINE ENGINEERING 
co. LTD. 


DESIGNERS & MANUFACTURERS oF 


\ INDUSTRIAL FURNACES 
\\ FOR ALL PURPOSES INCLUDING 


@ ALUMINIUM, BRASS & 
GUN-METAL MELTING 


@ BRASS BILLET HEAT- 
ING, FORGING AND 
HEAT TREATMENT 


@ PORTABLE BURNERS 


DINE” OIL BURNER 


ALUMINIUM MELTING 
FURNACE, OIL-FIRED \ 


DINE ENGINEERING CO. LTD., 
60 MOUNT STREET, NECHELLS, BIRMINGHAM. 


PHONE: East 0867. 


ALUMINA 
LABORATORY WARE 


Our new production, Alumina Ware (99-99% Al,O;) is 

suitable for working temperatures up to 1950°C and is highly 

resistant to fused metals, oxides and salts. Crucibles, boats, 

tubes and other vessels will be found invaluable in metallurgical 

work at temperatures beyond the range (1100°C) of our 
VITREOSIL ware. 


The THERMAL SYNDICATE Ltd. 


Head Office & Works: WALLSEND-ON-TYNE. 


London Depot: Thermal House, 12/14, Old Pye Street, 
Westminster, S.W. I. 


Back Issues of “ Metallurgia’ 


E have received a request to supply the 
following copies of “‘ Metallurgia ” : 


January, 1930 February, 1930 
November, 1932 February, 1935 
December, 1935 
also Indexes to Volumes 1, 2 and 8. 


We are unable to supply copies of these issues, 
and would appreciate any reader, who may have 
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ADVERTISERS’ ANALYSIS 


Imperial Chemical Industries, Ltd., Imperial Chemical House, 
mdon, S.W. 1. 


Aluminium 
Aluminium Union, Ltd., Bush House, London, W.C.2. 
British Aluminium Co., Ltd., King William St., London, E.C.4. 
High Duty Alloys, Litd., Trading Estate, Slough. 
Wm. Mills, Ltd., Birmingham. 
Northern Aluminium Co., Ltd., Bush House, London, W.C.2. 
Rudge Littley Ltd., West Bromwich. 


Anti-Friction Metals 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Brass and Bronze 
Clifford, Chas. and Son, Ltd., Birmingham. 
Manganese Bronze & Brass Co. Ltd., Handford works, Ipswich. 
McKechnie Bros., Ltd., Rotton Park St., Birmingham 


Burners 
Nu-Way Heating Plants Ltd., Macdonald Street, Birmingham. 


Casehardening Compounds 
Amalgams Co., Ltd., Attercliffe Rd., Sheffield. 
Kasenit Ltd., Henry St., Bermondsey St., London, S.E. 1. 


Castings (Iron) 
Rudge Littley Ltd., West Bromwich. 
Wallwork, H., and Co., Ltd., Roger St., Manchester. 


Castings (Non-ferrous) 
Magnesium Castings and Products, Ltd., 
Slough. 
Manganese Bronze & Brass Co. Ltd., Handford Works, Ipswich. 
Willlam Mills, Limited, Grove Street, Birmingham. 
Mond Nickel Co., Ltd.. Thames House. Millbank, London, 8.W. 1. 
Sterling Metals Ltd., Coventry. 


Coke-Oven Plant 
Gibbon Bros., Ltd., Albert Road, Middlesbrough. 
Woodall Duckham, Vertical Retort & Oven Construction Co., 
(1920), Ltd. 


Electrodes 
British Acheson Electrodes, Ltd,, Shefficid 


Extruded Sections 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Extruded Rods and Sections 
MecKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Fluxes. 
Foundry Services Ltd., 285, Long Acre, Nechells, Birmingham. 


Foundry Preparations. 
Foundry Services Ltd., 285, Long Acre, Nechells, Birmingham 


Furnace Arches 
Liptak Furnace Arches Ltd., 59, Palace Street, Victoria Street 
London, 1. 


Furnaces (Electric) 
Birmingham Electric Furnaces, Ltd., Erdington, Birmingham. 
Demag Electrostahl, Germany. 
Eleetric Furnace Co., Ltd., 17, Victoria St., London, S.W. 1. 
General Electric Co., Ltd.. Magnet House, Kingsway, W.C. 2. 
Integra Co., Ltd., The, 183, Broad Street, Birmingham. 
Kasenit Ltd.. Henry St., Bermondsey St., London, S.E. 1. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick , Birmingham 
Siemens Schuckert, Ltd., New Bridge Street, London. 
Wild-Barfield Electric Furnaces, Ltd., Elecfurn Works, North 

Road, London, N. 7. 


Furnaces (Fuel) 
British Furnaces Ltd., Chesterfield. 
Burdon Furnace Co., 136, West Princas Steeet, Glasgow. 
Cassel Cyanide Co. Ltd., Room 170¥2, Imperial Chemical House, 
London S§.W.1. 
Dowson and Mason Gas Plant Co., Ltd., Levenshulme, Manchester 
Gibbons Brothers, Ltd., Dudley, Worcestershire. 
Incandescent Heat Co., Cornwall Rd., Smethwick, Birmingham. 
James Howden & Co. Ltd., 195, Scotland St., Glasgow, Scotland 
Kasenit Ltd.. Henry St.. Bermondsey St., London, 8.E. 1. 
Ofag Ofenbau, Diisseldorf, Germany. 
Priest Furnaces Ltd., Albert Road, Middlesbrough. 
Gas 
British Commercial Gas Association, 28, Grosvenor Gardens. 
London, S.W. 1. 


Gears 
Wallwork, Henry, and Co., Ltd.. Red Bank, Manchester 
Shorter Process Co., Ltd., Savile St. East, Sheffield 


Gun Metal Ingots and Rods 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Hardening Metals 
Shorter Process Co, Ltd., Savile $t, East, Sheffield, 
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MAGNETIC 


Sanderson Brothers and Newbould Ltd., Sheffield. 
Magnetic Separators, Clutches, Chucks, and Lifting Magnets. 


Electromagnets, Ltd., 48, High Street, Erdington, Birmingham. 
Motors (Electric) ar 
Metropolitan-Vickers, Ltd., Trafford Park, Manchester. 
Naval Brass Ingots for the extraction of a 
McKechnie Bros. Ltd., Rotton Park St., Birmingham, TRAMP IRON, FINE et 
IRON, IRON OXIDES, 


ETC. FROM ANY NON- 
FERROUS MATERIAL 
IN WET OR DRY FORM 


Non-Ferrous Alloys 
Cliftord, Chas, and Son, Ltd., Birmingham 
Manganese Bronze and Brass Co. Ltd., Handford Works, Ipswich 
McKeehnie Bros., Ltd., Rotton Park St., Birmingham. 
High Duty Alloys, Ltd., Trading Estate, Slough. 


Write for our new Illustrated 


1.C.I. Metals Lid., Kynoch Works, Witton, Birmingham, 6. Peon 
Non-Ferrous Metals Chute Type Separator. Catalogue. 

Reynolds Tube Co., Tyseley, Birmingham. + 48, High Street, : j 

1.C.I. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. Erdington, Birmingham. | Boxmas 


McKechnie Bros. Ltd., Rotton Park St., Birmingham. 


Presses 
Eumuco Ltd., Beverley Works, Willow Ave, Barnes, London, 


S.W. 13. 
Schloemann, A.-G., Dusseldorf, Germany. A M S LER 


Protection of Metal Parts for Use at High Temperatures. 


Calorizing Corporation of Great Britain, Ltd., 32, Farringtoe TESTING M AC HINES 


Pulverised Fuel Equipment 
Alfred Herbert Ltd., Coventry. 


Pyrometers 
Electrofio Meters Ltd., Abbey Road, Park Royal, London, N.W. 1. Unequalled for rapid and accurate testing, 1 
Ether, Ltd., Tyburn Road, Birmingham. for ease of operation and for low 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. maintenance costs 


Recording Instruments 
Dine Engineering Co. 60, Mount Street, Nechells, Birmingham. 


Co., Ltd., Road, Park Royal, London, HOWDEN & Co., 
5 & 7, Fleet Street, Birmingham, 3 


George Kent Ltd., Luton, Beds. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham 


Refractories 
Carborundum Co., Ltd., Trafford Park, Manchester. 


J. and J. Dyson, Ltd., Stannington, Sheffield. 

Kingscliffe Insulating Products, Ltd., Sheffield. 
Thos. Marshall and Co., Loxley, near Sheffield 
John G. Stein & Co., Bonnybridge, Scotland. 


Roll Grinding Machines 
Craven Bros. Ltd., Reddish. Stockport. 


Roll Manufacturers 
Tennent Ltd., Whifflet Foundry, Coatbridge, Scotland. 


Rolling Mills 

Demag, A. G., Germany. 

Ehrhardt and Sehmer, Saarbriicken. 

Fried. Krupp Grusonwerk A.-G. Magdeburg, Germany. Sole 
Agents in Great Britain: J. Rolland and Co., 2 Victoria Street, 
London, S.W. 1. 

Lamberton and Co., Coatbridge. 

Rheinische Walzmachinenfabrik, Germany. 

Robertson, W. H. A., and Co., Ltd., Bedford. 

August Schmitz, A.G., Germany. 


Silver Solder 
Chas. Harrold & Co. Ltd., 283, St. Paul’s Square, Birmingham. 


Steels 
Edgar Allen & Co., Ltd., Imperial Steel Works, Sheffield. 


Dunford & Elliott, Ltd., Sheffield. 

English Steel Corporation Ltd., Sheffield. 
Sanderson Bros. and Newbould, Ltd., Sheffield 
United Steel Companies, Ltd., Sheffield. 


Steel Tubes aud Sections 
Reynolds Tube Co., Tyseley, Birmingham. 


7 Electric Steel Furnaces 
with Basket Charging & Vessel Turning Gear 


enable huge savings to be made in the costs of 
breaking up and charging scrap. 

The basket shown in the illustration contains a charge of 15 
tons, made up of steel rolls and tops. The charge is not 


dropped on to the hearth of the furnace but laid gently down 
on to it without the slightest bump. 


Further particulars may be had on application to address below. 


Steelworks Plant 
Wellman Smith Owen Engineering Corporation, Ltd., Victoria 


Station House, London, 8.W: 1. 


Temperature Controllers 
Electrofio-Meters Co. Ltd., Abbey Road, Park Royal, London. 
Ether, Ltd., Tyburn Road, Birmingham. . 


H im, ing 


Vitreosil Combustion Tube 
Thermal Syndicate, Ltd,, Walluend-on-Tyne, 


d 
- 
| 
| 
— 
: 
in. 


"9 


40 METALLURGIA 


Index to Advertisers. 


PAGE 
Achenbach Sohne G.M.B.H. .. .. «2. «21 of — 
Amalgams Company, Ltd. 
Associated British Machine Tool Makers, Ltd. as. 
Barrow Hematite Steel Co., Ltd. Inside Back Cover 
Birmingham Electric Furnaces, 
Bradley and Foster, Ltd. os om 
British Acheson Electrodes, 
British Aluminium Co., Ltd. Front Cover 
British Commercial Gas Association .. 


Calorizing Corporation, “Ltd. se se os 
Clifford, Chas., and Son, Ltd. 
Demag Electrostah] .. .. «2 of 
Dine Engineering Co.,Ltd. .. .. «.. «. 38 
Dowson and Mason, Ltd. .. .. of of — 
Ehrhardt & Sehmer .. 
Electromagnets Ltd. cm st 
Electroflo Meters Co., Ltd. 
Emery Brothers, Ltd. we 
English Steel Ltd. oe ‘de 


General Electric Co., Ltd. 
Gibbon Bros., Ltd. P 
Charles Griffin & Co., Ltd. 


ll and 18 


High Duty Alloys, 66. de 
Howden, T. C., Co. .. 39 
Imperial Chemical Industries, Ltd. ‘20 and 22 


May, 1937. 


PAGE 


Incandescent Heat Co., Ltd. .. 29 
Industrial Art Services, Ltd. .. 40 
Integra Co., Ltd. . 32 
Kasenit Ltd. .. .. 17 
Kent, George, Ltd. .. = ee -— 
Kingscliffe Insulated Products . 12 
Krupp Grusonwerk A.-G. 
Lamberton & Co. ° Back Cover 
Liptak Furnaces 
Magnesium Castings & Products Ltd. 7 


Manganese, Bronze & Brass Co., Ltd. 
Marshall and Co. 
McKechnie Brothers, Ltd. 
Metalectric Furnaces, Ltd. 
Metro-Vickers, Ltd. 

Mills Wm. Ltd. 

Mond Nickel Co., Ltd. 

Newcastle Metal Co. 
Northern Aluminum Co., Ltd. .. 
Nu-Way Heating Plants Ltd. .. 
Ofag Ofenbau .. .. 
Priest Furnaces, Ltd. 

Prior Furnaces, Ltd. ‘ 
Reynolds Tube Co. Ltd. .. 
Rheinische Walzmaschinenfabrik 
Robertson, W. H. A., and Co., Ltd.. 
Rudge- Littley 
Sanderson Bros., and Newbould, Ltd, 
Schmitz A.G. a 

Schloemann, A.-G. 

Shorter Process Co., Ltd.. 

Stein, J. G., & Co., Bonnybridge, Scotland 
Sterling Metals, tee? 

Siemens Schuckert. 

R. B. Tennent Ltd. .. 

Thermal Syndicate, Ltd. 

United Steel Companies, Ltd. 

Wallwork, Henry, and Co., Ltd. .. .. 
Wellman Smith Owen Eng. Corp. Ltd. . 
Wild-Barfield Electric Furnaces, Ltd. 


34, 35, 


Inside Front Cover 


29 


14 


7 
20 


Inside Front Cover 


14 
36 
28 
12 


INDUSTRIAL ART 
SERVICES LTD 


21, ALBION ST. 
GAYTHORN 
MANCHESTER. 


have an international appeal 
knowing no bounds of language. 


They tell their story quickly and convincingly 
—lIf they are good pictures. 


We have specialised in engineering subjects 
for many years and our artists appreciate 
the engineers’ outlook. They can put life 
and action into otherwise dull and un- 
interesting photographs in a manner that 
pleases the eye without offending the 
engineers’ sense of correctness. 


For your next photographs and drawings 
of machines, plant etc., consult, without 


obligation, 


INDUSTRIAL ART SERVICES LTD 


Telephone CEN 2574 
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Hearth = Alloy Sceels for Machining | 
and general purposes. Supplied in Bloorms-Billets, Slab 
Rounds, Squarés, Plats, Hexagons and Speciat Sections-to 
classes comply with War Gitice, Admiralt 
Minisery Ste Gritish Standard Specifications ; 
Steels to- BSS, 2Sé.and 3SI. 


BARROW HAEMATITE STEEL CO. 
IW-IN-FURNESS, ENGLAND 
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